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The present invention relates to isolated nucleic acid molecules, which encode 
antigens for Staphylococcus epidermidis, which are suitable for use in prepara- 
tion of pharmaceutical medicaments for the prevention and treatment of bacteri- 
al infections caused by Staphylococcus epidermidis. 

Staphylococci are opportunistic pathogens, which can cause illnesses, which 
range from minor infections to life threatening diseases. Of the large number 
of Staphylococci at least 3 are commonly associated with human disease: S. 
aureus, S. epidermidis and rarely S. saprophyticus (Crossley, K.B. and Archer 
G.L, eds. (1997). The Staphylococci in Human Disease. Churchill Livingston 
Inc.) Staphylococcal infections are imposing an increasing threat in hospitals 
worldwide. The appearance and disease causing capacity of Staphylococci are re- 
lated to the widespread use of antibiotics, which induced and continue to in- 
duce multi-drug resistance. Both S. aureus and S. epidermidis have become 
resistant to many commonly used antibiotics, most importantly to methicillin 
(MRSA) and vancomycin (VISA) . Drug resistance is an increasingly important pub- 
lic health concern, and soon many infections caused by staphylococci may be un- 
beatable by antibiotics. In addition to its adverse effect on public health, 
antimicrobial resistance contributes to higher health care costs, since treat- 
ing resistant infections often requires the use of more toxic and more expens- 
ive drugs, and can result in longer hospital stays for infected patients. 
Moreover, even with the help of effective antibiotics, the most serious sta- 
phylococcal infections have 30-50% mortality. 

Every human being is colonized with S. epidermidis. The normal habitats of S. 
epidermidis are the skin and the mucous membrane. Generally, the established 
flora of the nose prevents acquisition of new strains. However, colonization 
with other strains may occur when antibiotic treatment is given that leads to 
elimination of the susceptible carrier strain. Because this situation occurs in 
the hospitals, patients may become colonized with resistant nosocomial Staphyl- 
ococci . 

Staphylococci become potentially pathogenic as soon as the natural balance 
between microorganisms and the immune system gets disturbed, when natural bar- 
riers (skin, mucous membrane) are breached. The coagulase-positive S. aureus is 
the most pathogenic staphylococcal species, feared by surgeons for a long time. 
Most frequently it causes surgical wound infections, and induces the formation 
of abscesses. S. epidermidis causes diseases mostly related to the presence of 
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foreign bodies and the use of devices, such as catheter related infections 
cerebrospinal fluid shunt infections, peritonitis in dialysed patients (mainly 
CAPD), endocarditis in individuals with prosthetic valves. This is exemplified 
in immunocompromised individuals such as oncology patients and premature 
neonates in whom coagulase-negative staphylococcal infections frequently occur 
in association with the use of intravascular device. The increase in incidence 
is related to the increased used of these devices and increasing number of im- 
muno-compromised patients. 

The pathogenesis of staphylococci is multifactorial. In order to initiate in- 
fection the pathogen has to gain access to the cells and tissues of the host, 
that is adhere. Since adherence is obviously a crucial step in the initiation 
of foreign body infections, s. epidermidis is equipped with a number of cell 
surface molecules, which promote adherence to foreign material and through that 
mechanism establish infection in the host. A characteristic of many pathogenic 
strains of S. epidermidis is the production of a slime resulting in biofilm 
formation. The slime is predominantly a secreted teichoic acid, normally found 
in the cell wall of the staphylococci. This ability to form a biofilm on the 
surface of a prosthetic device is probably a significant determinant of vir- 
ulence for these bacteria, since this prevents phagocytosis of the bacteria A 
further means of staphylococci to cause damage to its host are the secreted 
products, such as enterotoxins, exotoxins, and tissue damaging enzymes. The 
toxans kill or misguide immune cells, which are important in the host defence. 
The several different types of toxins are responsible for most of the symptoms 
during infections. 



For all the above-mentioned reasons there remains a need for an effective pre- 
ventive and therapeutic treatment, but until today there is no effective pre- 
ventive or therapeutic vaccine approved. It has been shown that an antibody 
deficiency state contributes to staphylococcal persistence, suggesting that 
anti-staphylococcal antibodies are important in host defence. Antibodies - ad- 
ded as passive immunisation or induced by active vaccination - directed towards 
surface components could both, prevent bacterial adherence, neutralize toxins 
and promote phagocytosis. An effective vaccine offers great potential for pa- 
rents facing elective surgery in general, and those receiving endovascular 
devices, in particular. Moreover, patients suffering from chronic diseases, 
which decrease immune responses or undergoing continuous ambulatory peritoneal 
dialysis are likely to benefit from such a vaccine. 

A vaccine can contain a whole variety of different antigens. Examples of anti- 
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gens are whole-killed or attenuated organisms, subtractions of these 
organisms/tissues, proteins, or, in their most simple form, peptides. Antigens 
can also be recognized by the immune system in form of glycosylated proteins or 
peptides and may also be or contain polysaccharides or lipids. Short peptides 
can be used since for example cytotoxic T-cells (CTL) recognize antigens in 
form of short usually 8-11 amino acids long peptides in conjunction with major 
histocompatibility complex (MHC) . B-cells can recognize linear epitopes as 
short as 4-5 amino acids, as well as three-dimensional structures (conforma- 
tional epitopes) . In order to obtain sustained, antigen-specific immune re- 
sponses, adjuvants need to trigger immune cascades that involve all cells of 
the immune system necessary. Primarily, adjuvants are acting, but are not re- 
stricted in their mode of action, on so-called antigen presenting cells (APCs) . 
These cells usually first encounter the antigen (s) followed by presentation of 
processed or unmodified antigen to immune effector cells. Intermediate cell 
types may also be involved. Only effector cells with the appropriate spe- 
cificity are activated in a productive immune response. The adjuvant may also 
locally retain antigens and co-injected other factors. In addition the adjuvant 
may act as a chemoattractant for other immune cells or may act locally and/or 
systemically as a stimulating agent for the immune system. 

Approaches to develop a vaccine have focused until today mainly on S. aureus 
tShinefield, H. et al., 2002}. Therefore it would be of great value to develop 
a vaccine targeting S. epidermidis or preferentially both Staphylococci. 

The present inventors have developed a method for identification, isolation and 
production of hyperimmune serum reactive antigens from a specific pathogen, es- 
pecially from Staphylococcus aureus and Staphylococcus epidermidis (WO 
02/059148) . Importantly for the present invention, the selection of sera for 
the identification of antigens from S. epidermidis is different from that ap- 
plied to the previous screens. 

Individuals undergoing continous peritoneal dialysis represent one of the most 
important groups of patients infected by S. epidermidis. Staphylococci prefer- 
entially infect patients with foreign bodies such as dialysis catheters. Peri- 
toneal dialysis patients suffer from peritonitis mainly caused by S. aureus and 
coagulase negative staphylococci, especially S. epidermidis. In order to 
identify antigens expressed by S. epidermidis in humans during peritonitis, hu- 
man serum samples were collected from patients undergoing peritoneal dialysis 
for an extended period of time and suffered from peritonitis caused by S. epi- 
dermidis within the previous 12 months, and thus considered to be in the late 
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convalescent phase cf the disease. It has been firmly established that patients 
with serious staphylococcal diseases - such as peritonitis - develop antibod- 
ies, which sustain for up to a year. 

The problem underlying the present invention was to provide means for the de- 
velopment of medicaments such as vaccines against S. epidermidis infection. 
More particularly, the problem was to provide an efficient and relevant set of 
nucleic acid molecules or hyperimmune serum reactive antigens from S. epiderm- 
idis that can be used for the manufacture of said medicaments. 

Therefore, the present invention provides an isolated nucleic acid molecule en- 
coding a hyperimmune serum reactive antigen or a fragment thereof comprising a 
nucleic acid sequence, which is selected from the group consisting of: 

a) a nucleic acid molecule having at least 70% sequence identity to a nucleic 
acid molecule selected from Seq ID No 1, 4, 6-9, 11-13, 15, 17, 19, 21, 25- 
26, 28-31. 

b) a nucleic acid molecule which is complementary to the nucleic acid molecule 
of a) , 

c) a nucleic acid molecule comprising at least 15 sequential bases of the nucle- 
ic acid molecule of a) or b) 

d) a nucleic acid molecule which anneals under stringent hybridisation condi- 
tions to the nucleic acid molecule of a), b) , or c) 

e) a nucleic acid molecule which, but for the degeneracy of the genetic code, 
would hybridise to the nucleic acid molecule defined in a), b) , c) or d) . 

According to a preferred embodiment of the present invention the sequence iden- 
tity is at least 80%, preferably at least 95%, especially 100%. 

Furthermore, the present invention provides an isolated nucleic acid molecule 
encoding a hyperimmune serum reactive antigen or a fragment thereof comprising 
a nucleic acid sequence selected from the group consisting of 

a) a nucleic acid molecule having at least 96% sequence identity to a nucleic 
acid molecule selected from Seq ID No 2-3, 5, 10, 14, 16, 18, 22-24, 27, 

b) a nucleic acid molecule which is complementary to the nucleic acid molecule 
of a), 

c) a nucleic acid molecule comprising at least 15 sequential bases of the nucle- 
ic acid molecule of a) or b) 

d) a nucleic acid molecule which anneals under stringent hybridisation condi- 
tions to the nucleic acid molecule of a) , b) or c) , 
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e, a nucleic acid molecule which, but for the degeneracy of the genetic code, 
would hybridise to the nucleic acid defined in a) , b) , c) or d) . 

According to another aspect, the present invention provides an isolated nucleic 

add molecule comprising a nucleic acid sequence selected from the group con- 
sisting of 

a) a nucleic acid molecule selected from Seq ID No 20. 

b) a nucleic acid molecule which is complementary to the nucleic acid of a, 
O a nucleic acid molecule which, but for the degeneracy of the genetic code, 

would hybridise to the nucleic acid defined in a), b) , c) or d) . 

Preferably, the nucleic acid molecule is DNA or RNA. 

According to a preferred embodiment of the present invention, the nucleic acid 
molecule is isolated from a genomic DNA, especially from a S. epidermidis gen- 
omic DNA. 

According to the present invention a vector comprising a nucleic acid molecule 
according to any of the present invention is provided. 

in a preferred embodiment the vector is adapted for recombinant expression of 
the hyperimmune serum reactive antigens or fragments thereof encoded by the 
nucleic acid molecule according to the present invention. 

The present invention also provides a host cell comprising the vector according 
to the present invention. 

According to another aspect the present invention further provides a hyperim- 
mune serum-reactive antigen comprising an amino acid sequence being encoded by 
a nucleic acid molecule according to the present invention. 

in a preferred embodiment the amino acid sequence (polypeptide) is selected 
from the group consisting of Seq ID No 32, 35, 37-40, 42-44, 46, 48, 50 52 
56-57, 59-62. 



in another preferred embodiment the amino acid sequence (polypeptide) is selec- 
ted from the group consisting of Seq ID No 33-34, 36, 41, 45, 47, 49, 53-55, 



58. 



In a further preferred embodiment the amino acid sequence (polypeptide) 
lected from the group consisting of Seq ID No 51. 



is se- 
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According to a furt h.r , s pect the present invention provides fragments or 
hvper^une ,er»-re,«ive antigens selected froa, the g ro„p consisting of pe P - 

location of rdentrfred isogenic region- of Tahle 1, the serua, reactive epi- 
topes of Table 2. especi.iiy peptides comprising a^no ecids 6-28, 54-59 135- 
14 193-205, 2,4-2,9, 284-291, 298-303, 342-34,, 360-366. 330-33 . ,0 - 2 
437-443, 457-434, 437-477. =04-510. 5X7-530, 535-543, 547-553, 562: 5 69 573! 

Z' ii?:?; ::r 513 - ^ - ^ - - - ^ « ™. 

103, 111-117, 123-142, 1,0-134, 205-211, 252-267. 303-316, 323-337, 345-353 

5 L 1 ; :ir 389 ' 39 ~ 99 * 413 - 419 - ,29 -" s - 4 — - — : 

20,23-33 40-45, 53-65, 72-107, 113-113, 127-136, 151-161 and 33-53 of Seg ID 
34/ 4 ' 16 ' 2S - 34 ' 39 - 61 ' "0-113, 120-127. 130-137, 142-143. 150-157 

L°r 210 ' 228 " 239 - 245 - 25 °- 256 - 266 - 2 "- 278 - 2 —- 

344. 345-353, 383-336, 3 99 -413, 425-430. 445-461, 464-4,0, 476-482, ,36-432 

0-511. 520-52,, 531-541. 551-558. 586-572, 603-525, 635-642, 65o: 6 56, 2- 
683, 681-205, 734-741, 750-787. ,82-783, 802-808, 812-818, 83,-844, 8,8-885 

r"; IT!? 91 " 933 ° f seq 10 N ° 35 - 5 - 12 - 2 °- 27 - - 
13 d ;, 179 " 185, 200 " 213 ' 221 - 227 - 24 °- 264 - 271 -" 9 - »*-™. 

311-31, and 177-206 of 3eg ID No 36, 18-24, 31-40, 45-51, 89-97, 100-123 12, 
132, 133-153, 164-1,0, 184-194. 200-205, 215-238. 244-255. 25,- ,0, 2 -28 
283-302. 312-318, 338-348, 356-36, and 132-152 of Seg ID No 37, 7-16 9 - ' 
3-83, 30-38. 118-124, 130-136, 134-204, 253-280, 320-327, 373-381, 389-39,' 
403-408, 424-430, 435-441. 453-476. 487-433, 507-514, 527-534. 54 0 :550 5,ll 
377, 533-5 99 . 620-622. 641-647. 650-664. 62,-703, ,08-,!,. ,2 -,42,,,3- 
,34 805, 821-823, 830-83,. 333-851, 853-308, 9 10- 9 1,, 938 - 9 4,, 365l 9 10 5- 
1033, 1050-1056, 1073-1081, 1084-1038, 1106-1120. 1132-1140, 1154-11,0 11- 

1 ' ^T 08, 1215 " 221 ' 1226 " 1234 ' 1267 - 1279 - i325 -" 2i < 

55 " 1,45 ' U61 - 1498 " 1504 ' 1556 " 1561 ' 15 "- 1 " 2 ' ""-1639, 1648- 

8 ' 5 " "' I 1 "" 1755 ' 1778 " 785 ' 1808 - 1813 ' 1821 - 1827 ' 182 — ' 
1852, 1853-1885, 18,4-1633, 1835-1300, 1908-1313, 1 9 31-1 93 7, 1564-1981 1935 

2005, 2020-2033, 2040-2047. 2103-2109. 2118-2127. 2138-2144 2166-21,5 21 8 

218,, 2220-2225. 223,-2242. 224,-2253, 22,3-2281, 2286-2306, 2314-232 2 

2345, 2350-2355, 23,1-2384. 2415-2424, 2426-2431, 2452-24,2, 2584-25 ' 2 

2621, 2633-2655. 2664-26,0. 2631-2690, 2632-2,14, 2,24-2,30 and 63 - "0 a " 

0 »o 38, 10-40. 53-59. 79-35. 98-104, U,-l 22 , 130 -i 3 6, 144-158, X J£ Z 

i?\???:v:?r' 2i ™- - 254 - 2 * 2 - -< - - 33, 

5 33-115, 120-134. 144-173, 240-249, 328-340, 354-360, 368-400, 402-41, 419- 
427. 429-445, 447-455, 463-468, 4,2-430. 435-500. 502-510, 512-534, 53,-5 6 
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Z'™\TTs 6 "~ 637, 645 " 654 - 690 " 70S - 736 - 745 - 749 - 756 - 

and 378-401 o£ Se, ID No 40, 5-16, 21-30, 33-40, 52 -74, 101-108, 116-122, 164- 
182, 185-219, 256-261, 2,3-270, 286-291, 207-304, 312-328, 331-338, 355-362 
364-371, 373-401, 411-423 and 19 l-208 of S. q ,D No 41 ; 34-55, 67-74, 85-03 
105-115, 138-152, 161-171, 182-169, 297-205, 213-219, 232-239, 241-248, 250- 
263, 2,2-277, 288-299 ana 216-231 o £ Se q ID No 42, 21-27. 32-37, 43-51, 67-74 
82-92, 94-100, 106-112, 140-149. 153-150, 164-182. 193-215, 222-22,. 260-26, 
308-322, 330-340, 3,8-38,, 306-403, 41,-432, 435-441, 448-465, 4,6-482, 488- 
408, 500-510 and 214-280 of Se q ID No 43; 4-21, 29-52, 80-87, 104-123, 126-133 
141-157, 182-189, 104-202, 214-220. 227-235, 242-252 and 33-108 of Se q 2D No ' 
44, 12-18, 20-27, 20-59, 64-,2, 84-90, 96-103, 109-121, 125-155, 164-177, 179- 
186, 186-201, 216-227, 235-253, 259-274, 276-204. 206-310, 322-330. 341-348 
360-370 308-403, 409-421 and ,6-96 of 8e q ID No 45, 4-15. 24-41. ,1-80. 104- 
111, 113-119, 123-130, 139-140, 168-278, 167-200 and 4-45 of Se q ID No 46- 13- 
19, 32-37. 44-56 and 1-14 of Sa q ID No 47; 6-11, 16-35, ,5-81, 05-100, 126-139 
206-214, 225-233. 241-250. 268-2,6. 319-325. 330-360, 3,1-401. 435-44!, 52 
450, 462-4,2, 401-503. 505-516, 540-556, 56,-580, 500-505, 612-622, 624-630, 
642-648, 656-662. 68,-633, 608-704, 706-712. 736-750, ,68-,,,, ,84-780 812- 
818, 847-858, 804-000, 022-031, 038-040, 967-984, 986-092, 1027-1032, io41- 
1054, 1082-1088, 1001-1007, 1110-1124. 123,-1240, 1250-1258, 12,4-2280, 1200- 
1305, 1302-1308, 1400-1405, 1420-1442, 1460-14,4, 1505-1514, 1531-153,, 1540- 
552, 2558-15,1, 1582-158,. 1616-1623, 1650-1666, 16,1-16,,. 2680-1686, 1608- 
04, 1,06-1,12. 1,68-1„4, 1,83-179,, 1814-1810. 1840-1855, 18,0-18,6, 1890- 
180,, 104,-1053, 10,2-1980, 1000-2013, 2044-2051, 2068-2084, 2093-2000, 2122- 
2131. 2242-214,, 2156-2163. 22,0-22,0, 2214-2220, 2235-2245, 22,1-2281, 228,- 
2293, 2308-231,. 2352-2362, 23,3-23,8, 238,-240,, 2442-2448, 2458-2474. 2507- 
2516, 2531-253,, 2540-2551, 2555-2561, 2586-2500, 261,-262,, 2644-2640, 2661- 
26,5, 2685-2692, 2605-2,0,, 2,33-2,30, 2,41-2,47, 27,4-2,83, 2,88-2,05, 2860- 
28,0, 2801-2003. 2038-2047, 2073-2080, 2003-2000, 3004-3030. 3046-305 3- 
307,, 3082-3088, 3120-3132, 3144-3140, 3153-3160, 3200-3212, 3232-3256 3276- 
290. 3308-3322, 3330-3338, 3353-3360, 3363-33,1, 3300-3408. 3431-344,. 3454- 
484, 3503-3515. 3524-3541, 3543-3550, 3560-356,, 3586-3500, 3616-3621. 3642- 
364,, 3663-36,0, 213-2,6, 5,3-621 and 1516-1550 of 0e q ID No 48, 19-41. 43-40 
55-62, 6,-,4, U4-121, 130-140. 188-10,, 208-21,, 226-232, 265-28,, 202-200 ' 
301-310. 3,2-304, 400-410. 421-42, and 12-56 of 0e q !D No 40, 6-12. ,4-51 53- 
60 6,-88, 81-100, 104-123, 13,-142, 148-158, 161-188. 1,5-201. 204-210, ; 22 - 
3 , 230-253, 258-264, 2,2-282 and 60-138 of Seq ID No 50; 4-63, 69-104, 110- 
21, 224-131, 134-152, 161-18,, 204-221. 223-23,, 230-206. 208-310, 331-365 
8 -405. 423-451, 4,0-552. 554-562. 5,4-581, 502-640, 651-658. 661-6,1. 6, 1 
,0,, ,13-,34. 741-7.., ,58-765, ,73-700 and 509-528 of 5a q ID No 51; 89-94 
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102-115, 123-129, 181-188, 200-206, 211-235, 239-249, 267-281, 295-310, 316- 
321, 331-341, 344-359, 365-386, 409-422, 443-453, 495-506, 514-521, 539-547 
553-560, 563-570, 586-596, 621-626, 633-638, 651-657, 666-683, 697-705 731- 
739, 761-768, 865-883 and 213-265 of Seq ID No 52; 5-20, 24-34, 37-43, 92-102 
134-139, 156-162, 184-191, 193-205, 207-213, 225-231, 241-247, 259-267, 269- ' 
286, 337-350, 365-372, 378-386, 399-413, 415-421, 447-457, 467-481 and 145-183 
of Seq ID No 53; 12-19, 29-41, 43-57, 80-98, 106-141, 143-156, 172-183, 185- 
210, 214-220, 226-234, 278-287 and 237-287 of Seq ID No 54; 5-12, 32-48, 50-72 
75-81, 88-94 and 16-40 of Seq ID No 55; 4-21, 29-42, 48-62, 65-80, 95-101, 103- 
118, 122-130, 134-140, 143-152, 155-165, 182-192, 198-208, 232-247, 260-268, 
318-348, 364-369, 380-391, 403-411, 413-424 and 208-230 of Seq ID No 56; 4-18 
65-75, 82-92, 123-140, 144-159, 166-172, 188-194 and 174-195 of Seq ID No 57-' 
7-20, 58-71, 94-101, 110-119, 199-209, 231-242, 247-254, 267-277, 282-290, 297- 
306, 313-319, 333-342, 344-369, 390-402, 414-431, 436-448, 462-471 and 310-350 
of Seq ID No 58; 4-25, 37-44, 53-59, 72-78, 86-99, 119-128, 197-203, 209-218 
220-226, 233-244, 246-254, 264-271, 277-289, 407-430, 437-445, 464-472, 482- 
488, 503-509 and 308-331 of Seq ID No 59; 4-12, 14-43, 52-58 and 43-58 of Seq 
ID No 60; 4-14, 21-29, 35-49 and 38-50 of Seq ID No 61; 4-19, 31-37, 58-72, 94- 
108 and 1-72 of Seq ID No 62 . 

The present invention also provides a process for producing a S. epidermidis 
hyperimmune serum reactive antigen or a fragment thereof according to the 
present invention comprising expressing one or more of the nucleic acid mo- 
lecules according to the present invention in a suitable expression system. 

Moreover, the present invention provides a process for producing a cell, which 
expresses a S. epidermidis hyperimmune serum reactive antigen or a fragment 
thereof according to the present invention comprising transforming or trans- 
fecting a suitable host cell with the vector according to the present inven- 
tion. 



According to the present invention a pharmaceutical composition, especially a 
vaccine, comprising a hyperimmune serum-reactive antigen or a fragment thereof 
as defmed in the present invention or a nucleic acid molecule as defined in 
the present invention is provided. 

in a preferred embodiment the pharmaceutical composition further comprises an 
ircnunostimulatory substance, preferably selected from the group comprising 
polycationic polymers, especially polycationic peptides, immunostimulatory 
deoxynucleotides (ODNs), peptides containing at least two LysLeuLys motifs, es- 
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pecially KLKL5KLK, neuroactive compounds, especially hui nan growth hormone, 
alumn, Ereund's complete or incomplete adjuvants or combinations thereof. 

in a more preferred embodiment the immunostimulatory substance is a combination 
of exther a polycationic polymer and immunostimulatory deoxynucleotides or of a 
peptide containing at least two LysLeuLys motifs and immunostimulatory deoxy- 
nucleotides. 

in a still more preferred embodiment the polycationic polymer is a polycationic 
peptide, especially polyarginine . 

According to the present invention the use of a nucleic acid molecule according 
to the present invention or a hyperimmune serum-reactive antigen or fragment 
thereof according to the present invention for the manufacture of a pharmaceut- 
ical preparation, especially for the manufacture of a vaccine against S. epi- 
dermidis infection, is provided. 

Also an antibody, or at least an effective part thereof, which binds at least 
to a selective part of the hyperimmune serum-reactive antigen or a fragment 
thereof according to the present invention is provided herewith. 

In a preferred embodiment the antibody is a monoclonal antibody. 

in another preferred embodiment the effective part of the antibody comprises 
Fab fragments. 

in a further preferred embodiment the antibody is a chimeric antibody. 

in a still preferred embodiment the antibody is a humanized antibody. 

The present invention also provides a hybridoma cell line, which produces an 
antibody according to the present invention. 

Moreover, the present invention provids a method for producing an antibody ac- 
cording to the present invention, characterized by the following steps- 
moating an immune response in a non-human animal by administrating an 
hyperimmune serum-reactive antigen or a fragment thereof, as defined in the 
invention, to said animal, 

• removing an antibody containing body fluid from said animal, and 

• producing the antibody by subjecting said antibody containing body fluid to 
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Accordingly, the present invention also provides a method for producing an an- 
tibody according to the present invention, characterized by the following 
steps: 

• initiating an immune response in a non-human animal by administrating an 
hyperimmune serum-reactive antigen or a fragment thereof, as defined in the 
present invention, to said animal, 

• removing the spleen or spleen cells from said animal, 

• producing hybridoma cells of said spleen or spleen cells, 

• selecting and cloning hybridoma cells specific for said hyperimmune serum-re- 
actxve antigens or a fragment thereof, 

• producing the antibody by cultivation of said cloned hybridoma cells and op- 
tionally further purification steps. 

The antibodies provided or produced according to the above methods may be used 
for the preparation of a medicament for treating or preventing S. epidermidis 
infections . 

According to another aspect the present invention provides an antagonist, which 
binds to a hyperimmune serum-reactive antigen or a fragment thereof according 
to the present invention. 

Such an antagonist capable of binding to a hyperimmune serum-reactive antigen 
or fragment thereof according to the present invention may be identified by a 
method comprising the following steps: 

a) contacting an isolated or immobilized hyperimmune serum-reactive antigen or a 
fragment thereof according to the present invention with a candidate antagon- 
ist under conditions to permit binding of said candidate antagonist to said 
hyperimmune serum-reactive antigen or fragment, in the presence of a compon- 
ent capable of providing a detectable signal in response to the binding of 
the candidate antagonist to said hyperimmune serum reactive antigen or frag- 
ment thereof; and 

b) detecting the presence or absence of a signal generated in response to the 
binding of the antagonist to the hyperimmune serum reactive antigen or the 
fragment thereof. 

An antagonist capable of reducing or inhibiting the interaction activity of a 
hyperimmune serum-reactive antigen or a fragment thereof according to the 
Present invention to its interaction partner may be identified by a method com- 
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prising the following steps: 

a) providing a hyperimmune serum reactive antigen or a hyperimmune fragment 
thereof according to the present invention, 

b) providing an interaction partner to said hyperimmune serum reactive antigen 
or a fragment thereof, especially an antibody according to the present inven- 
tion, 

c) allowing interaction of said hyperimmune serum reactive antigen or fragment 
thereof to said interaction partner to form an interaction complex, 

d) providing a candidate antagonist, 

e) allowing a competition reaction to occur between the candidate antagonist and 
the interaction complex , 

f ) determining whether the candidate antagonist inhibits or reduces the interac- 
tion activities of the hyperimmune serum reactive antigen or the fragment 
thereof with the interaction partner. 

The hyperimmune serum reactive antigens or fragments thereof according to the 
present invention may be used for the isolation and/or purification and/or 
identification of an interaction partner of said hyperimmune serum reactive an- 
tigen or fragment thereof. 

The present invention also provides a pr6cess for in vitro diagnosing a disease 
related to expression of a hyperimmune serum-reactive antigen or a fragment 
thereof according to the present invention comprising determining the presence 
of a nucleic acid sequence encoding said hyperimmune serum reactive antigen or 
fragment thereof according to the present invention or the presence of the 
hyperimmune serum reactive antigen or fragment thereof according to the present 
invention . 

The present invention also provides a process for in vitro diagnosis of a bac- 
terial infection, especially a S. epidermidis infection, comprising analyzing 
for the presence of a nucleic acid sequence encoding said hyperimmune serum re- 
active antigen or fragment thereof according to the present invention or the 
presence of the hyperimmune serum reactive antigen or fragment thereof accord- 
ing to the present invention. 

Moreover, the present invention provides the use of a hyperimmune serum react- 
ive antigen or fragment thereof according to the present invention for the gen- 
eration of a peptide binding to said hyperimmune serum reactive antigen or 
fragment thereof, wherein the peptide is an anticaline. 
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The present invention also provides the use of a hyperimmune serum-reactive an- 
tigen or fragment thereof according to the present invention for the manufac- 
ture of a functional nucleic acid, wherein the functional nucleic acid is 
selected from the group comprising aptamers and spiegelmers. 

The nucleic acid molecule according to the present invention may also be used 
for the manufacture of a functional ribonucleic acid, wherein the functional 
ribonucleic acid is selected from the group comprising ribozymes, antisense 
nucleic acids and siRNA. 



The present invention advantageously provides an efficient and relevant set of 
isolated nucleic acid molecules and their encoded hyperimmune serum reactive 
antigens or fragments thereof identified from S. epidermidis using an antibody 
preparation from a human plasma pool and surface expression libraries derived 
from the genome of S. epidermidis. Thus, the present invention fulfils a 
widely felt demand for S. epidermidis antigens, vaccines, diagnostics and 
products useful in procedures for preparing antibodies and for identifying com- 
pounds effective against S. epidermidis infection. 

An effective vaccine should be composed of proteins or polypeptides, which are 
expressed by all strains and are able to induce high affinity, abundant anti- 
bodies against cell surface components of S. epidermidis. The antibodies should 
be IgGl and/or IgG3 for opsonization, and any IgG subtype and IgA for neutral- 
isation of adherence and- toxin action. A chemically defined vaccine must be 
definitely superior compared to a whole cell vaccine (attenuated or killed) , 
since components of S. epidermidis, which might cross-react with human tissues 
or inhibit opsonization can be eliminated, and the individual proteins inducing' 
protective antibodies and/or a protective immune response can be selected. 

The approach, which has been employed for the present invention, is based on 
the interaction of staphylococcal proteins or peptides with the antibodies 
present in human sera. The antibodies produced against S. epidermidis by the 
human immune system and present in human sera are indicative of the in vivo ex- 
pression of the antigenic proteins and their immunogenic! ty . In addition, the 
antigenic proteins as identified by the bacterial surface display expression 
libraries using pools of pre-selected sera, are processed in a second and third 
round of screening by individual selected or generated sera. Thus the present 
invention supplies an efficient and relevant set of staphyloococcal antigens as 
a pharmaceutical composition, especially a vaccine preventing infection by S. 
epidermidis . 
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in the antigen identification program for identifying a relevant and efficient 
set of antigens according to the present invention, three different bacterial 
surface expression libraries are screened with a serum pool derived from a ser- 
um collection, which has been tested against antigenic compounds of S. epiderm- 
idxs, such as whole cell extracts and culture supernatant proteins in order to 
be considered hyperimmune and therefore relevant in the screening method ap- 
plied for the present invention. The antibodies produced against staphylococci 
by the human immune system and present in human sera are indicative of the in 
vivo expression of the antigenic proteins and their immunogenicity. 

The expression libraries as used in the present invention should allow expres- 
sion of all potential antigens, e.g. derived from all surface proteins of S 
epidermidis. Bacterial surface display libraries will be represented by a re- 
combinant library of a bacterial host displaying a (total) set of expressed 
peptide sequences of staphylococci on a number of selected outer membrane pro- 
teins (LamB, FhuA) at the bacterial host membrane {Georgiou, G . , 1997; Etz H 
et al., 2001}. One of the advantages of using recombinant expression libraries 
xa that the identified hyperimmune serum-reactive antigens may be instantly 
produced by expression of the coding sequences of the screened and selected 
clones expressing the hyperimmune serum-reactive antigens without further re- 
combinant DNA technology or cloning steps necessary. 

The comprehensive set of antigens identified by the described program according 
to the present invention is analysed further by one or more additional rounds 
of screening. Therefore individual antibody preparations or antibodies gener- 
ated against selected peptides, which were identified as immunogenic are used 
According to a preferred embodiment the individual antibody preparations for 
the second round of screening are derived from patients who have suffered from 
an acute infection with staphylococci, especially from patients who show an an- 
tibody titer above a certain minimum level, for example an antibody titer being 
higher than 80 percentile, preferably higher than 90 percentile, especially 
higher than 95 percentile of the human (patient or healthy individual) sera 
tested. Using such high titer individual antibody preparations in the second 
screening round allows a very selective identification of the hyperimmune ser- 
um-reactive antigens and fragments thereof from S. epidermidis. 

Following the screening procedure, the selected antigenic proteins, expressed 
as recombinant proteins or in vitro translated products, in case it can not be 
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TT in »»P««ion .y..™, or the identified antigenic pep- 

121 17TT T hetically) " e tested in a second ~- * * 

™ bl ° ttin9 S «« ass.ss„.„t of th.ir i,„u„og.„icity 

with a l.rge hu™,„ ser» collection ,> 700 infected, > 50 patients sera, . 

It i. important that the individual antibody preparations (which »a y also be 

didaH 'oTiiT all °" " S * le ° tiVe "» - «» — t proving can- 
^ ' se™»-re.ctive antigens free, alt the proving 

candidates fro„ the first round. Therefore, preferably at least 70 individual 
antibody preparations ,i.e. antibody preparation sera, fro. at least 70 

different individuals having 5uff . red fcom „ infection ^ ^ ^ 

should be used in identifying these antigens in the aeoond screening round. Of 
course, it is possible to use also less than 10 individual preparations, 
however, selectivity of the step „ay not be optical with a low n^^er o, indi- 
vidual antibody preparations. 0„ the other hand, if , g lven hyT . tlmne serm _ 
re.ctive .ntigen ,or an antigenic fragment thereof, is recognised by at least 
0 individu.l antibody preparations, preferably at least 30, especially at 

least 50 individual antibody preparations, identification of the hyp.ri™. 

s.ru^-re.ctiv. antigen is also selective enough for a proper identification. 

Hyper^une a.r™,-reactivity My of course be tested with as many individual 

preparations as possible (e.g. with „ore than 100 or even with more then 

X f 000 ) . 



Therefore, the relevant portion of the hyperi™ne serua-reactive antibody pre- 
paration, according to the „ethod of the present invention should preferably be 
at least 10. tore preferred at least 30, especially at least 50 individual an- 
tibody preparations. Alternatively (or in combination) hyper™, serum-react- 
ive an igen, »ay preferably be also identified with at least 20.. preferably at 
least 30%. especially at least 40, of all individual antibody preparations used 
m the second screening round. 

According to a preferred eabodi^nt o, the present invention, the ser, fros, 
Which the individual antibody preparations for the second round of screening 
are prepared (or which are used as antibody preparations,, are selected by 
their titer against .. epidermis (e.g. against a preparation o, this patho- 
gen, such as . ly.ate, cell wall components end recount proteins, . Pref.r- 

Too'o T G IT Sele " ed " lth " tCtal ^ 

6,000 0. and/or an Igo titer above 10.000 O, esp.ci.lly ^ e 12 , 000 „ ,„ . 
units c.lcul.t.d from the 00405ns, reading at , given dilution, whan the whole 
organs, (tot.l lys.t. or whole cells, is used .s antigen in the ELISA 
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The antibodies produced against staphylococci by the human immune system and 
present in human sera are indicative of the in vivo expression of the antigenic 
proteins and their immunogenicity. The recognition of linear epitopes by anti- 
bodies can be based on sequences as short as 4-5 amino acids. Of course it does 
not necessarily mean that these short peptides are capable of inducing the giv- 
en antibody in vivo. For that reason the defined epitopes, polypeptides and 
proteins are further to be tested in animals (mainly in mice) for their capa- 
city to induce antibodies against the selected proteins in vivo. 

The preferred antigens are located on the cell surface or are secreted, and are 
therefore accessible extracellularly. Antibodies against cell wall proteins are 
expected to serve two purposes: to inhibit adhesion and to promote phagocytos- 
es. Antibodies against secreted proteins are beneficial in neutralisation of 
their function as toxin or virulence component. It is also known that bacteria 
communicate with each other through secreted proteins. Neutralizing antibodies 
agarnst these proteins will interrupt growth-promoting cross-talk between or 
wxthin streptococcal species. Bioinformatio analyses (signal sequences, cell 
wall localisation signals, transmembrane domains) proved to be very useful in 
assessing cell surface localisation or secretion. The experimental approach in- 
cludes the isolation of antibodies with the corresponding epitopes and proteins 
from human serum, and the generation of i^une sera in mice against (poly) pep- 
tides selected by the bacterial surface display screens. These sera are then 
used in a third round of screening as reagents in the following assays: cell 
surface staining of staphylococci grown under different conditions (FACS, mi- 
croscopy) , determination of neutralizing capacity (toxin, adherence), and pro- 
motion of opsonization and phagocytosis (in vitro phagocytosis assay) . 

For that purpose, bacterial E. coli clones are directly injected into mice and 
xmmune sera are taken and tested in the relevant in vitro assay for functional 
opsonic or neutralizing antibodies. Alternatively, specific antibodies may be 
purged from human or mouse sera using peptides or proteins as substrate. 

Host defence against S. epidermidis relies mainly on innate immunological mech- 
anisms, inducing high affinity antibodies of the opsonic and neutralizing type 
by vaccination helps the innate immune system to eliminate bacteria and toxins 
Thxs makes the method according to the present invention an optimal tool for 
the identification of staphylococcal antigenic proteins. 

The skin and mucous membranes are formidable barriers against invasion by sta- 
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phylococci. However, once the skin or the mucous ffiembranes are breached ^ 
first line of non-adaptive cellular defence begins its co-ordinate action 
through complement and phagocytes, especially the polymorphonuclear leukocytes 
(FN..). These cells can be regarded as the cornerstones in eliminating invading 
bacteria. As staphylococci are primarily extracellular pathogens, the major 
anti-staphylococcal adaptive response comes from the humoral arm of the immune 
system, and is mediated through three major mechanisms: promotion of opsoniza- 
tion, toxin neutralisation, and inhibition of adherence. It is believed that 
opsonization is especially important, because of its requirement for an effect- 
ive phagocytosis. For efficient opsonization the microbial surface has to be 
coated with antibodies and complement factors for recognition by PMNs through 
receptors to the Fc fragment of the IgG molecule or to activated C3b. After op- 
sonization, staphylococci are phagocytosed and killed. Antibodies bound to 
specific antigens on the cell surface of bacteria serve as ligands for the at- 
tachment to PMNs and to promote phagocytosis. The very same antibodies bound to 
the adhesins and other cell surface proteins are expected to neutralize adhe- 
sion and prevent colonization. The selection of antigens as provided by the 
present invention is thus well suited to identify those that will lead to pro- 
tection against infection in an animal model or in humans. 

According to the antigen identification method used herein, the present inven- 
tion can surprisingly provide a set of novel nucleic acids and novel hyperim- 
mune serum reactive antigens and fragments thereof of S. epidermidis, among 
other things, as described below. According to one aspect, the invention par- 
ticularly relates to the nucleotide sequences encoding hyperimmune serum react- 
ive antigens which sequences are set forth in the Sequence listing Seq ID No- 
1-31 and the corresponding encoded amino acid sequences representing hyperim- 

mune serum reactive antiaens arp «!*»+■ . ., 

cxgens are set forth in the Sequence Listing Seq ID No 

32—62 . 



in a preferred embodiment of the present invention, a nucleic acid molecule is 
provided which exhibits 70% identity over their entire length to a nucleotide 
sequence set forth with Seq ID No 1, 4, 6-9, 11-13, 15, 17, 19, 21, 25-26, 28- 
31. Most highly preferred are nucleic acids that comprise a region that is at 
least 80% or at least 85% identical over their entire length to a nucleic acid 
molecule set forth with Seq ID No 1, 4, 6-9, 11-13, 15, 17 , 19 , 21 , 25 _ 26 , 28 _ 
31. in this regard, nucleic acid molecules at least 90%, 91%, 92%, 93%, 94% 
95%, or 96% identical over their entire length to the same are particularly' 
preferred. Furthermore, those with at least 97% are highly preferred, those 
with at least 98% and at least 99% are particularly highly preferred, with at 
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least 99% « 9 ,.„ being the mote preferre<Ji ^ ioo% ^ 

d M ° reOVet ' PI " err,d *» thU respect are nucleic 

acrds whrch encode hyperi™ „ active _ ^ J «<= 

(polypeptides, which retain substantlally the _ fciologicai funct±on 

" " t «™ ^Vpeptide encoded by said nucleic acids set forth in 
the Sec ID so 1, 4. 6-9, u- 13 , x5 , 17 , „, 25 . 26 _ ^ 



"entity, as known in the art and used herein, is th. relationship between two 

^"dT^"^ ~" OI *" ^ ~" — eLs, as d - 

M " °°° Pa 9 SeqUe " =eS - ln th8 «*• — -ans the degree 

cas 7 d " e8a batWee " POlyP8Ptide °* fences, as the 

IdentT " deternined ^ Mt=h bet — <* — -^nces . 

Identity can he readily calculated. While there e*ist , ^ of „ ethods to 

measure identity between two polynucleotide or two polypeptide seances, the 
er„ „eii known to skilled artisans ,..„. sequence Analysis inllecu , 

Lentit' V °" Hel " 3e - 8 " *=— * ^ferred methods to determine 

identity ,r. designed to give the largest ™tch between the serenes tested 
«ethods to deterge identity are codified in computer program. Preferred 1- 

: e ; ™ rr° ds to detei ™ ine identity <- ~ — ~ 

are not liaated to, GCG progra* package (Dev.reu*. J . et ,1., 1984) , BLMTp 
BLASTN, and FASTA (Altschul, S . et al., 1 990 > . 

According to another aspect of the invention, nucleic acid molecules are 
proved which exhibit at least 96 « identity to the nucleic acid sequence set 
forth with Seq ID No 2-3, 5. !0, 14, 16, 18, 22-2,, 21. 

According to a further aspect of the present invention, nucleic acid molecules 

z ~: hioh a - identicai to ^ — - — - — „r 

The u molecules aocording ^ pi ^ t 

alternative also be a nucleic acid molecule which is at least essentially com- 
plementary to the nucleic acid described as the first alternative above. As 
used herein co„ple».„t.ry „.a„s that a nucleic acid strand is base pairing via 

lit::; base pairin9 with * sec °- d ~— — — ^ 

p ~ y as herein ^ that ^ pairing ^ ^ y 

of the bases of the respective strand, h,,* i. a " 

age of th. K„. . " * ° eItain <"= percent- 

age of the bases unpaged or wrongly paired. The percentage of correctly pair- 
ing bases is preferably at least ,0 ,, m ore preferably eo even -ore 
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preferably 90 % and most preferably any percentage higher than 90 %. It is to 
be noted that a percentage of 70 % matching bases is considered as homology and 
the hybridization having this extent of matching base pairs is considered as 
stringent. Hybridization conditions for this kind of stringent hybridization 
may be taken from Current Protocols in Molecular Biology (John Wiley and Sons, 
Inc., 1987). More particularly, the hybridization conditions can be as follows: 

• Hybridization performed e.g. in 5 x SSPE, 5 x Denhardf a reagent, 0.1% SDS, 
100 g/mL sheared DNA at 68 °C 

• Moderate stringency wash in 0.2xSSC, 0.1% SDS at 42°C 

• High stringency wash in O.lxSSC, 0.1% SDS at 68 °C 

Genomic DNA with a GC content of 50% has an approximate TM of 96°C. For 1% mis- 
match, the TM is reduced by approximately 1°C. 

In addition, any of the further hybridization conditions described herein are 
in principle applicable as well. 

Of course, all nucleic acid sequence molecules which encode the same poly- 
peptide molecule as those identified by the present invention are encompassed 
by any disclosure of a given coding sequence, since the degeneracy of the ge- 
netic code is directly applicable to unambiguously determine all possible nuc- 
leic acid molecules which encode a given polypeptide molecule, even if the 
number of such degenerated nucleic acid molecules may be high. This is also ap- 
plicable for fragments of a given polypeptide, as long as the fragments encode 
a polypeptide being suitable to be used in a vaccination connection, e.g. as an 
active or passive vaccine. 

The nucleic acid molecule according to the present invention can as a third al- 
ternative also be a nucleic acid which comprises a stretch of at least 15 bases 
of the nucleic acid molecule according to the first and second alternative of 
the nucleic acid molecules according to the present invention as outlined 
above. Preferably, the bases form a contiguous stretch of bases. However, it is 
also within the scope of the present invention that the stretch consists of two 
or more moieties, which are separated by a number of bases. 

The present nucleic acids may preferably consist of at least 20, even more pre- 
ferred at least 30, especially at least 50 contiguous bases from the sequences 
disclosed herein. The suitable length may easily be optimized due to the 
planned area of use (e.g. as (PGR) primers, probes, capture molecules (e.g. on 
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a cm, chip,. etc. Pteferred nuolel= acid moieouiea cont ^ 

trguoua 15 base portion of on e or m _ o£ ^ ^ °" 

segu.ncea Hated in tablea x ,„ d 2 , aspecially ^ 

score, of than i„, preferably „ ore tha „ 20f espeo±ai 

.ore than „. Specifically p « ferred „ e nuclelc ac±ds _ 

portron of , DH4 a^uence or any seguence in the segoence protocol of the 

present application which ahowa , or ..ore, preferably «„ than 2. especially 

-or than 5. non-identical nucieic acid residues ccpared to the published ta- 

Phylococcus epidermis strain EP62R geno „ B (http! //^.ti^.or^/tdb/^/^in- 

p»t 3 r;: i 1 and/or any othet s - * w — 

parts thereof. Specifically preferred non-identicai nucieic acid residues are 
residu.s, which iead to , non-identicai a»ino acid residue. Preferably, the 
nuc arc acrd seances encode for poiypaptidea havi„ g at least 1. preferably at 

TI T. Y " le,st thr " dirferenl ^ to 

Olypt " h' ^™ 1 " 15 — —i— — . *l,o such isolated 
herern e.g. „ the aequenc. listing, having at least 6, 7, or 8 aad.no acid 
residues and being encoded by these nucleic acids are preferred. 

The nucleic acid molecule according to the preaant invention can as a fourth 
alternate, also be a nucleic acid .oleoma which anneals under stringent hy- 

- Ld^ ~ i0n " " "* " " UClelC a ° ldS ° f ~ invention ac- 
cord „g to the above outlined firat. second, and third alternative, stringent 
hybradrsatron condition are typically thoae d.acribed herein. 

fifth 1 ,;/"* r leio acid moieou16 scc " din3 <° th * p — * - « . 

fifth alterative also be , nucleic acid „olec„le which, but for the degeneracy 
Of the genetic code, would hybridise to any of the nucleic acid Macules ac- 
cording to any nucleic acid „oleoule of the present invention according to the 
first, second, third, and fourth alternative as outlined above. This Kind of 
nucleic acrd molecule refers to the fact that preferably the nucieic acids a=- 
or rng to the present invention code for the hypari^une ,er» reactive anti- 
gen or fragments thereof according to the preaant invention. Thia Kind of 

— a 301 " T° Ule ^ P " tiCUl « ly «** - —ctib„ of . nueleic acid 
Molecule ,ccordr„ g to the present invention and thus the diagnosis of the re- 
spective „icroor g a„is*s auch ,a 3. apider™idis and any disease or diseased con- 
ation where this k i„d of adcroorgania* is involved. Preferably, the 
hybridisation would occur or be preformed under stringent conditions as de- 
scribed an connection with the fourth alternative deacribed above 
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Nucleic acid molecule as used herein generally refers to any ribonucleic acid 
molecule or deoxyribonucleic acid molecule, which may be unmodified RNA or DNA 
or modified RNA or DNA. Thus, for instance, nucleic acid molecule as used 
herexn refers to, among other, single-and double-stranded DNA, DNA that is a 
mixture of single- and double-stranded RNA, and RNA that is a mixture of 
single- and double-stranded regions, hybrid molecules comprising DNA and RNA 
that may be single-stranded or, more typically, double-stranded, or triple- 
stranded, or a mixture of single- and double-stranded regions. In addition 
nucleic acid molecule as used herein refers to triple-stranded regions compris- 
ing RNA or DNA or both RNA and DNA. The strands in such regions may be from the 
same molecule or from different molecules. The regions may include all of one 
or more of the molecules, but more typically involve only a region of some of 
the molecules. One of the molecules of a triple-helical region often is an oli- 
gonucleotide. As used herein, the term nucleic acid molecule includes DNAs or 
RNAs as described above that contain one or more modified bases. Thus, DNAs or 
RNAs with backbones modified for stability or for other reasons are "nucleic 
acid molecule" as that term is intended herein. Moreover, DNAs or RNAs compris- 
ing unusual bases, such as inosine, or modified bases, such as tritylated 
bases, to name just two examples, are nucleic acid molecule as the term is used 
herein. It will be appreciated that a great variety of modifications have been 
made to DNA and RNA that serve many useful purposes known to those of skill in 
the art. The term nucleic acid molecule as it is employed herein embraces such 
chemically, enzymatically or metabolically modified forms of nucleic acid mo- 
lecule, as well as the chemical forms of DNA and RNA characteristic of viruses 
and cells, including simple and complex cells, inter alia. The term nucleic 
acrd molecule also embraces short nucleic acid molecules often referred to as 
oligonucleotide (s). "Polynucleotide" and "nucleic acid" or "nucleic acid mo- 
lecule" are often used interchangeably herein. 

Nucleic acid molecules provided in the present invention also encompass numer- 
ous unique fragments, both longer and shorter than the nucleic acid molecule 
sequences set forth in the sequencing listing of the S. epidermidis coding re- 
gions, which can be generated by standard cloning methods. To be unique a 
fragment must be of sufficient size to distinguish it from other known nucleic 
acxd sequences, most readily determined by comparing any selected S. epidermid- 
xs fragment to the nucleotide sequences in computer databases such as GenBank. 

Additionally, modifications can be made to the nucleic acid molecules and poly- 
peptides that are encompassed by the present invention. For example, nucle- 
otxde substitutions can be made which do not affect the polypeptide encoded by 
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the nucleic acid, and thus any nucleic acid molecule which encodes a hyperim- 
mune serum reactive antigen or fragments thereof is encompassed by the present 
invention . 

Furthermore, any of the nucleic acid molecules encoding hyperimmune serum re- 
active antigens or fragments thereof provided by the present invention can be 
functionally linked, using standard techniques such as standard cloning tech- 
niques, to any desired regulatory sequences, whether a S. epidermidis regulat- 
ory sequence or a heterologous regulatory sequence, heterologous leader 
sequence, heterologous marker sequence or a heterologous coding sequence to 
create a fusion protein. 

Nucleic acid molecules of the present invention may be in the form of RNA, such 
as mRNA or cRNA, or in the form of DNA, including, for instance, cDNA and gen- 
omic DNA obtained by cloning or produced by chemical synthetic techniques or by 
a combination thereof. The DNA may be triple-stranded, double-stranded or 
single-stranded. Single-stranded DNA may be the coding strand, also known as 
the sense strand, or it may be the non-coding strand, also referred to as the 
anti-sense strand. 

The present invention further relates to variants of the herein above described 
nucleic acid molecules which encode fragments, analogs and derivatives of the 
hyperimmune serum reactive antigens and fragments thereof having a deducted S. 
epidermidis amino acid sequence set forth in the Sequence Listing. A variant of 
the nucleic acid molecule may be a naturally occurring variant such as a natur- 
ally occurring allelic variant, or it may be a variant that is not known to oc- 
cur naturally. Such non-naturally occurring variants of the nucleic acid 
molecule may be made by mutagenesis techniques, including those applied to nuc- 
leic acid molecules, cells or organisms. 

Among variants in this regard are variants that differ from the aforementioned 
nucleic acid molecules by nucleotide substitutions, deletions or additions. The 
substitutions, deletions or additions may involve one or more nucleotides. The 
variants may be altered in coding or non-coding regions or both. Alterations in 
the coding regions may produce conservative or non-conservative amino acid sub- 
stitutions, deletions or additions. Preferred are nucleic acid molecules encod- 
ing a variant, analog, derivative or fragment, or a variant, analogue or 
derivative of a fragment, which have a S. epidermidis sequence as set forth in 
the Sequence Listing, in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or 
no amino acid(s) is substituted, deleted or added, in any combination . Espe- ' ' 
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dally preferred among these are silent substitutions, additions and deletions, 
which do not alter the properties and activities of the S. epidermidis poly- 
peptides set forth in the Sequence Listing. Also especially preferred in this 
regard are conservative substitutions. 

The peptides and fragments according to the present invention also include mod- 
ified epitopes wherein preferably one or two of the amino acids of a given epi- 
tope are modified or replaced according to the rules disclosed in e.g. 
{Tourdot, S. et al., 2000), as well as the nucleic acid sequences encoding such 
modified epitopes. 

It is clear that also epitopes derived from the present epitopes by amino acid 
exchanges improving, conserving or at least not significantly impeding the T 
cell activating capability of the epitopes are covered by the epitopes accord- 
ing to the present invention. Therefore the present epitopes also cover epi- 
topes, which do not contain the original sequence as derived from S. 
epidermidis, but trigger the same or preferably an improved T cell response. 
These epitope are referred to as "heteroclitic"; they need to have a similar or 
preferably greater affinity to MHC/HLA molecules, and the need the ability to 
stimulate the T cell receptors (TCR) directed to the original epitope in a sim- 
ilar or preferably stronger manner. 

Heteroclitic epitopes can be obtained by rational design i.e. taking into ac- 
count the contribution of individual residues to binding to MHC/HLA as for in- 
stance described by {Rammensee, H. et al., 1999}, combined with a systematic 
exchange of residues potentially interacting with the TCR and testing the res- 
ulting sequences with T cells directed against the original epitope. Such a 
design is possible for a skilled man in the art without much experimentation. 

Another possibility includes the screening of peptide libraries with T cells 
directed against the original epitope. A preferred way is the positional scan- 
ning of synthetic peptide libraries. Such approaches have been described in de- 
tail for instance by {Hemmer, B. et al., 1999} and the references given 
therein. 

As an alternative to epitopes represented by the present derived amino acid se- 
quences or heteroclitic epitopes, also substances mimicking these epitopes e.g. 
"peptidemimetica" or "retro-inverso-peptides" can be applied. 

Another aspect of the design of improved epitopes is their formulation or modi- 
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fication with substances increasing their capacity to stimulate T cells. These 
include T helper cell epitcpes, lipids or liposomes or preferred modifications 
as described in WO 01/78767. 

Another way to increase the T cell stimulating capacity of epitopes is their 
formulation with immune stimulating substances for instance cytokines or 
chemokines like interleukin-2, -7, -12, -18, class I and II interferons (IFN), 
especially IFN-gamma, GM-CSF, TNF-alpha, flt3-ligand and others. 

As discussed additionally herein regarding nucleic acid molecule assays of the 
invention, for instance, nucleic acid molecules of the invention as discussed 
above, may be used as a hybridization probe for RNA, cDNA and genomic DNA to 
isolate full-length cDNAs and genomic clones encoding polypeptides of the 
present invention and to isolate cDNA and genomic clones of other genes that 
have a high sequence similarity to the nucleic acid molecules of the present 
invention. Such probes generally will comprise at least 15 bases. Preferably, 
such probes will have at least 20, at least 25 or at least 30 bases, and may 
have at least 50 bases. Particularly preferred probes will have at least 30 
bases, and will have 50 bases or less, such as 30, 35, 40, 45, or 50 bases. 

For example, the coding region of a nucleic acid molecule of the present inven- 
tion may be isolated by screening a relevant library using the known DNA se- 
quence to synthesize an oligonucleotide probe. A labeled oligonucleotide having 
a sequence complementary to that of a gene of the present invention is then 
used to screen a library of cDNA, genomic DNA or mRNA to determine to which 
members of the library the probe hybridizes. 

The nucleic acid molecules and polypeptides of the present invention may be em- 
ployed as reagents and materials for development of treatments of and dia- 
gnostics for disease, particularly human disease, as further discussed herein 
relating to nucleic acid molecule assays, inter alia. 

The nucleic acid molecules of the present invention that are oligonucleotides 
can be used in the processes herein as described, but preferably for PCR, to 
determine whether or not the S. epidermidis genes identified herein in whole or 
in part are present and/or transcribed in infected tissue such as blood. It is 
recognized that such sequences will also have utility in diagnosis of the stage 
of infection and type of infection the pathogen has attained. For this and oth- 
er purposes the arrays comprising at least one of the nucleic acids according 
to the present invention as described herein, may be used. 
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The nucleic acid molecules according to the present invention may be used for 
the detection of nucleic acid molecules and organisms or samples containing 
these nucleic acids. Preferably such detection is for diagnosis, more prefer- 
able for the diagnosis of a disease related or linked to the present or abund- 
ance of S. epidermidis. 

Eukaryotes (herein also "individual (s) «> , particularly mammals, and especially 
humans, infected with S. epidermidis may be identifiable by detecting any of 
the nucleic acid molecules according to the present invention detected at the 
DNA level by a variety of techniques. Preferred nucleic acid molecules candid- 
ates for distinguishing a S. epidermidis from other organisms can be obtained. 

The different polypeptides described herein can have therapeutic and/or dia- 
gnostic utilities. The present application identifies different imunogenic 
polypeptides, and immunogenic polypeptide regions, characteristic of S.epi An 
immunogenic polypeptide region can be present by itself or part of a longer 
length polypeptide. The polypeptides and polypeptide regions can be used in 
diagnostic applications to provide an indication as to whether a person is, or 
has been, infected with S. epi. For example, a polypeptide containing an S. epi 
immunogenic region can be used to generate S. epi antibodies, which can be used 
to detect the presence of S. epi in serum; and a polypeptide containing an s. 
epi immunogenic region can be used to detect the presence of S. epi. antibodies 



in serum. 



The invention provides a process for diagnosing disease, arising from infection 
w lt h S. epidermidis, comprising determining from a sample isolated or derived 
from an individual an increased level of expression of a nucleic acid molecule 
having the sequence of a nucleic acid molecule set forth in the Sequence List- 
ing. Expression of nucleic acid molecules can be measured using any one of the 
methods well known in the art for the quantitation of nucleic acid molecules, 
such as, for example, PGR, RT-PCR, Rnase protection, Northern blotting, other 
hybridisation methods and the arrays described herein. 

isolated as used herein means separated "by the hand of man" from its natural 
state; i.e., that, if it occurs in nature, it has been changed or removed from 
its original environment, or both. For example, a naturally occurring nucleic 
acid molecule or a polypeptide naturally present in a living organism in its 
natural state is not "isolated," but the same nucleic acid molecule or poly- 
peptide separated from the coexisting materials of its natural state is "isol- 
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ated", as the term is employed herein. As part of or following isolation, such 
nuclei acid molecules can be joined to other nucleic acid molecules, such as 
DNAs, for mutagenesis, to form fusion proteins, and for propagation or expres- 
sion in a host, for instance. The isolated nucleic acid molecules, alone or 
joined to other nucleic acid molecules such as vectors, can be introduced into 
host cells, in culture or in whole organisms. Introduced into host cells in 
culture or in whole organisms, such DNAs still would be isolated, as the term 
is used herein, because they would not be in their naturally occurring form or 
environment. Similarly, the nucleic acid molecules and polypeptides may occur 
in a composition, such as a media formulations, solutions for introduction of 
nucleic acid molecules or polypeptides, for example, into cells, compositions 
or solutions for chemical or enzymatic reactions, for instance, which are not 
naturally occurring compositions, and, therein remain isolated nucleic acid mo- 
lecules or polypeptides within the meaning of that term as it is employed 
herein. 



The nucleic acids according to the present invention may be chemically synthes- 
ized. Alternatively, the nucleic acids can be isolated from S. epidermidis by 
methods known to the one skilled in the art. 

According to another aspect of the present invention, a comprehensive set of 
novel hyperimmune serum reactive antigens and fragments thereof are provided by 
using the herein described antigen identification method. In a preferred em- 
bodiment of the invention, a hyperimmune serum-reactive antigen comprising an 
amino acid sequence being encoded by any one of the nucleic acids molecules 
herein described and fragments thereof are provided. In another preferred em- 
bodiment of the invention a novel set of hyperimmune serum-reactive antigens 
whxch comprises amino acid sequences selected from a group consisting of the 
polypeptide sequences as represented in Seq ID No 32, 35, 37-40, 42-44, 46, 48 
50, 52, 56-57, 59-62 and fragments thereof are provided. In a further pre- 
ferred embodiment of the invention hyperimmune serum-reactive antigens, which 
comprise amino acid sequences selected from a group consisting of the poly- 
peptide sequences as represented in Seq ID No 33-34, 36, 41, 45, 47 49 53- 55 
58 and fragments thereof are provided. In a still preferred embodiment ' of the' 
invention hyperimmune serum-reactive antigens which comprise amino acid se- 
quences selected from a group consisting of the polypeptide sequences as rep- 
resented in Seq ID No 51 and fragments thereof are provided. 

The hyperimmune serum reactive antigens and fragments thereof as provided in 
the invention include any polypeptide set forth in the Sequence Listing as well 
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as polypeptides which have at least 70% identity to a polypeptide set forth in 
the Sequence Listing, preferably at least 80% or 85% identity to a polypeptide 
set forth in the Sequence Listing, and more preferably at least 90% similarity 
(more preferably at least 90% identity, to a polypeptide set forth in the Se- 
quence Listing and still more preferably at least 95%, 96%, 97%, 98%, 99% or 
99.5% similarity (still more preferably at least 95%, 96%, 97%, 98% 99% or 
99.5% identity, to a polypeptide set forth in the Sequence Listing and also in- 
clude portions of such polypeptides with such portion of the polypeptide gener- 
ally containing at least 4 amino acids and more preferably at least 8, still 
more preferably at least 30, still more preferably at least 50 amino acids 
such as 4, 8, 10, 20, 30, 35, 40, 45 or 50 amino acids. 

The invention also relates to fragments, analogs, and derivatives of these 
hyperimmune serum reactive antigens and fragments thereof. The terms "frag- 
ment", "derivative" and "analog" when referring to an antigen whose amino acid 
sequence is set forth in the Sequence Listing, means a polypeptide which re- 
tains essentially the same or a similar biological function or activity as such 
hyperimmune serum reactive antigen and fragment thereof. 

The fragment, derivative or analog of a hyperimmune serum reactive antigen and 
fragment thereof may be 1) one in which one or more of the amino acid residues 
are substituted with a conserved or non-conserved amino acid residue (prefer- 
ably a conserved amino acid residue) and such substituted amino acid residue 
may or may not be one encoded by the genetic code, or 2) one in which one or 
more of the amino acid residues includes a substituent group, or 3) one in 
which the mature hyperimmune serum reactive antigen or fragment thereof is 
fused with another compound, such as a compound to increase the half-life of 
the hyperimmune serum reactive antigen and fragment thereof (for example, poly- 
ethylene glycol,, or 4, one in which the additional amino acids are fused to 
the mature hyperimmune serum reactive antigen or fragment thereof, such as a 
leader or secretory sequence or a sequence which is employed for purification 
of the mature hyperimmune serum reactive antigen or fragment thereof or a pro- 
protein sequence. Such fragments, derivatives and analogs are deemed to be 
within the scope of those skilled in the art from the teachings herein. 

Among the particularly preferred embodiments of the invention in this regard 
are the hyperimmune serum reactive antigens set forth in the Sequence Listing 
variants, analogs, derivatives and fragments thereof, and variants, analogs and 
derivatives of fragments. Additionally, fusion polypeptides comprising such 
hyperimmune serum reactive antigens, variants, analogs, derivatives and frag- 
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ments thereof, and variants, analogs and derivatives of the fragments are also 
encompassed by the present invention. Such fusion polypeptides and proteins, 
as well as nucleic acid molecules encoding them, can readily be made using 
standard techniques, including standard recombinant techniques for producing 
and expression of a recombinant polynucleic acid encoding a fusion protein. 

Among preferred variants are those that vary from a reference by conservative 
amino acid substitutions. Such substitutions are those that substitute a given 
amino acid in a polypeptide by another amino acid of like characteristics. 
Typically seen as conservative substitutions are the replacements, one for an- 
other, among the aliphatic amino acids Ala, Val, Leu and He; interchange of 
the hydroxyl residues Ser and Thr, exchange of the acidic residues Asp and Glu, 
substitution between the amide residues Asn and Gin, exchange of the basic 
residues Lys and Arg and replacements among the aromatic residues Phe and Tyr. 

Further particularly preferred in this regard are variants, analogs, derivat- 
ives and fragments, and variants, analogs and derivatives of the fragments, 
having the amino acid sequence of any polypeptide set forth in the Sequence 
lasting, in which several, a few, 5 to 10, 1 to 5, 1 to 3, 2, 1 or no amino 
a C1 d residues are substituted, deleted or added, in any combination. Espe- 
cxally preferred among these are silent substitutions, additions and deletions, 
whxch do not alter the properties and activities of the polypeptide of the 
present invention. Also especially preferred in this regard are conservative 
substitutions. Most highly preferred are polypeptides having an amino acid se- 
quence set forth in the Sequence Listing without substitutions. 

The hyperimmune serum reactive antigens and fragments thereof of the present 
mvention are preferably provided in an isolated form, and preferably are puri- 
fied to homogeneity. 

Also among preferred embodiments of the present invention are polypeptides com- 
prising fragments of the polypeptides having the amino acid sequence set forth 
in the Sequence Listing, and fragments of variants and derivatives of the poly- 
peptides set forth in the Sequence Listing. 

In this regard a fragment is a polypeptide having an amino acid sequence that 
entirely is the same as part but not all of the amino acid sequence of the 
afore mentioned hyperimmune serum reactive antigen and fragment thereof, and 
variants or derivative, analogs, fragments thereof. Such fragments may be 
"free-standing", i.e., not part of or fused to other amino acids or poly- 
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peptides, or they may be comprised within a larger polypeptide of which they 
form a part or region. Also preferred in this aspect of the invention are 
fragments characterised by structural or functional attributes of the poly- 
peptide of the present invention, i.e. fragments that comprise alpha-helix and 
alpha-helix forming regions, beta-sheet and beta-sheet forming regions, turn 
and turn-forming regions, coil and ooil-forming regions, hydrophilio regions, 
hydrophobic regions, alpha amphipathic regions, beta-amphipathic regions, flex- 
ible regions, surface-forming regions, substrate binding regions, and high an- 
tigenic index regions of the polypeptide of the present invention, and 
combinations of such fragments. Preferred regions are those that mediate 
activities of the hyperimmune serum reactive antigens and fragments thereof of 
the present invention. Most highly preferred in this regard are fragments that 
have a chemical, biological or other activity of the hyperimmune serum reactive 
antrgen and fragments thereof of the present invention, including those with a 
similar activity or an improved activity, or with a decreased undesirable 
activity. Particularly preferred are fragments comprising receptors or domains 
of enzymes that confer a function essential for viability of S. epidermidis or 
the ability to cause disease in humans. Further preferred polypeptide frag- 
ments are those that comprise or contain antigenic or immunogenic determinants 
m an animal, especially in a human. 

An antigenic fragment is defined as a fragment of the identified antigen, which 
" f ° r ltSSlf anti ^nic or may be made antigenic when provided as a hapten 
Therefore, also antigens or antigenic fragments showing one or (for longer 
fragments) only a few amino acid exchanges are enabled with the present inven- 
tion, provided that the antigenic capacities of such fragments with amino acid 
exchanges are not severely deteriorated on the exchange(s), i.e., suited for 
eliciting an appropriate immune response in an individual vaccinated with this 
antigen and identified by individual antibody preparations from individual 



sera 



Preferred examples of such fragments of a hyperimmune serum-reactive antigen 
are selected from the group consisting of peptides comprising amino acid se- 
quences of column "predicted immunogenic aa«, and "Location of identified im- 
munogenic region" of Table 1; the serum reactive epitopes of Table 2, 
especially peptides comprising amino acid 6-28, 54-59, 135-147, 193-205 274- 
279, 284-291, 298-308, 342-347, 360-366, 380-386, 408-425, 437-446, 457^464 
467-477, 504-510, 517-530, 535-543, 547-553, 562-569, 573-579, 592-600, 602- 
613, 626-631, 638-668 and 396-449 of Sea ID No 32; 5-24, 101-108, 111-H7, 128- 
142, 170-184, 205-211, 252-267, 308-316, 329-337, 345-353, 360-371, 375-389 



WO 2004/087746 PCT/EP2004/003398 

- 29 - 

383-399. 413-419. 429-439, 446-436, ,71-485, ,93-307, 341-536, 582-588. 592- 

602, 60,-617, 622-628, 630-640 and 8-21 of Se q ID Ho 33, 10-20, 

59-65, 72-107. 113-119, 127-136, 151-161 and 33-59 of Seq ID Ho 34, «1 16 e l 

34, 39-61, 66-79, 100-113. 120-127. 130-137, 142-148, 150-157, 192-201, 203- 

210. 228-239. 245-250, 256-266. 268-278, 288-294. 312-322, 336-344. 

388-396, 399-413. 425-430. 445-461, 464-4,0. 476-482, 486-492. a^Ml 520- 

527, 531-541, 551-558, 566-572. 609-625, 635-642, 650-656, 683-689. 691-705 

Zl'lll' S lTTs 782 ~' 89 ' ™' 812 - 813 ' 837 " 8 "' - : 936 
and 913-933 of So, ID No 35, 5-12, 20-27, 46-78, 85-92, 104-112. 121-132, 150- 

17 179 185, 200-213. 221-227. 240-264, 272-279, 282-290, 311-317 and 1 7-206 

Of Se, 2D »„ 36, 18-24, 31-40. 45-51, 89-97, 100-123, 12,-132, 139-153, 164- 

170. 184-194, 200-205, 215-238. 244-255. 25,-2,0, 2,2-280, 289-302, 312-318 

338-348. 356-36, and 232-152 of 5o q 2D Ho 3,, ,-16, 39-45. ,3-83, 0-98 18- 

124. 130-136. 194-204, 269-280. 320-32,, 3,3-381, 389-39,. 403-408, 4241430 

436-441, 463-4,6. 48,-499, 507-514, 52,-534, 540-550, 5,1-5,,, 593-599, 62 0 1 

629, 641-647, 650-664, 697-703, ,08-,!,, ,29-,42. „3-,90, ,94-805, 821-828 

830-83,, 839-851, 858-908. 910-91,, 938-94,, 965-980, 1025-2033, 2050-2056 ' 

10.3- 2081, 1084-1098, 1106-1120. 1132-1140, 1164-21,0. 1185-1194. 1201-1208 
1215-1224, 1226-2234, 226,-22,9, 2325-2331, 1356-1364. 1394-1411 
1445-1461, 1498-1504. 1556-1561. 1564-15,3, 1613-1639, 1648-1655, 1694-1,14 
1 48-1,55, 1„8-1,85, 2808-2823, 2822-182,, 1829-183,, 1846-1852, 

18.4- 1883. 1895-1900. 1909-2913, 1931-193,, 1964-1981, 1995-2005. 2020-2033' 
040-204,, 2103-2109, 2110-212,, 2130-2144, 2166-21,5. 2180-218,. 2220-22 5 

223,-2242, 224,-2253, 22,3-2281, 2286-2306, 2314-2320, 2323-2345. 2350-2355 
23,1-2384. 2415-2424, 2426-2431, 2452-24,2, 2584-2589, 2610-2621, 

66-26,0. 2681-2690, 2692-2,14, 2,24-2,30 and 68,-,30 of So, ID Mo 38, 1-0 
53-59, ,9-85, 90-104. 11,-222. 130-136, 244-258. 169-2,5, 180-185, 2031223 
232-23,, 243-254, 295-301 ,„ d 254-292 of Sa q !D Ho 39, 28-50. 6,-85, 93-115 
120-134, 144-1,9, 240-249, 328-340, 354-360, 368-400, 402-41,. 419-427 4 29 1 
445, 447-455, 463-468. 472-480, 485-500, 502-510, 512-534. 537-546, 553-558 
582-594. 619-637, 645-654. 690-709, 735-745. 749-756. 766-792, 275-316 

Of S e q ID Ho 40, 5-26, 22-30. 33-40, 52-,4, 202-208. 226-222. 264-282 - 
219, 256-261, 2,3-2,9, 285-291, 29,-304, 312-328, 331-338, 355-362, 364-2 
3,3-401, 411-423 and 191-208 of Se q 2D Ho 41, 34-55. 6,-„. 85-93, 105-115 ' 
130-152, 161-1,1, 282-189. 19,-205, 213-219, 232-239. 241-248, 250-263 2- 
2„, 288-299 and 216-231 of Se q ID Ho 42, 21-2,, 32-3,, 43-51, 67-74, 82-92 
94-100. 106-112. 140-149, 153-159, 164-182. 193-215, 222-227, 260-26 308-322 
330-340, 3,0-36,, 396-403. 41,-432, 435-441, 448-465, 4,6-48 . ^ 
and 214-280 of Seq ID Ho 43, 4-21, 29-52, 80-8,, 104-123, 126-133, 142125 
282-199, 194-202, 214-220, 22,-235, 242-252 and 33-108 of Se q „ Ho 44, lis 
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20-27, 29-59, 64-72, 84-90, 96-103, 109-121, 125-155, 164-177, 179-186, 188- 
201, 216-227, 235-253, 259-274, 276-294, 296-310, 322-339, 341-348, 369-379 
398-403, 409-421 and 76-96 of Seq ID No 45; 4-15, 24-41, 71-80, 104-111 U3- 
119, 123-130, 139-149, 168-178, 187-200 and 4-45 of Seq ID No 46; 13-19 32-37 
44-56 and 1-14 of Seq ID No 47; 6-11, 16-35, 75-81, 95-100, 126-139, 206-214, ' 
225-233, 241-259, 268-276, 319-325, 339-360, 371-401, 435-441, 452-459, 462- 
472, 491-503, 505-516, 549-556, 567-580, 590-595, 612-622, 624-630, 642-648 
656-662, 687-693, 698-704, 706-712, 736-750, 768-777, 784-789, 812-818, 847- 
858, 894-900, 922-931, 938-949, 967-984, 986-992, 1027-1032, 1041-1054, 1082- 
1088, 1091-1097, 1119-1124, 1234-1240, 1250-1258, 1274-1289, 1299-1305, 1392- 
1398, 1400-1405, 1429-1442, 1460-1474, 1505-1514, 1531-1537, 1540-1552, 1558- 
1571, 1582-1587, 1616-1623, 1659-1666, 1671-1677, 1680-1686, 1698-1704, 1706- 
1712, 1768-1774, 1783-1797, 1814-1819, 1849-1855, 1870-1876, 1890-1897 1947- 
1953, 1972-1980, 1999-2013, 2044-2051, 2068-2084, 2093-2099, 2122-2131, 2142- 
2147, 2156-2163, 2170-2179, 2214-2220, 2235-2245, 2271-2281, 2287-2293, 2308- 
2317, 2352-2362, 2373-2378, 2387-2407, 2442-2448, 2458-2474, 2507-2516, 2531- 
2537, 2540-2551, 2555-2561, 2586-2599, 2617-2627, 2644-2649, 2661-2675, 2685- 
2692, 2695-2707, 2733-2739, 2741-2747, 2774-2783, 2788-2795, 2860-2870, 2891- 
2903, 2938-2947, 2973-2980, 2993-2999, 3004-3030, 3046-3059, 3066-3077, 3082- 
3088, 3120-3132, 3144-3149, 3153-3169, 3200-3212, 3232-3256, 3276-3290, 3308- 
3322, 3330-3338, 3353-3360, 3363-3371, 3390-3408, 3431-3447, 3454-3484, 3503- 
3515, 3524-3541, 3543-3550, 3560-3567, 3586-3599, 3616-3621, 3642-3647, 3663- 
3679, 213-276, 579-621 and 1516-1559 of Seq ID No 48; 19-41, 43-49, 55-62 67- 
74, 114-121, 130-140, 188-197, 208-217, 226-232, 265-287, 292-299, 301-319 
372-394, 400-410, 421-427 and 12-56 of Seq ID No 49; 6-12, 44-51, 53-60, 67-88 
91-100, 104-123, 137-142, 148-158, 161-168, 175-201, 204-210, 222-231, 239-25 3 ' 
258-264, 272-282 and 60-138 of Seq ID No 50; 4-63, 69-104, 110-121, 124-131 
134-152, 161-187, 204-221, 223-237, 239-296, 298-310, 331-365, 380-405, 423- 
451, 470-552, 554-562, 574-581, 592-649, 651-658, 661-671, 673-707, 713-734 
741-748, 758-765, 773-790 and 509-528 of Seq ID No 51; 89-94, 102-115, 123-^29 
181-188, 200-206, 211-235, 239-249, 267-281, 295-310, 316-321, 331-341, 344- 
359, 365-386, 409-422, 443-453, 495-506, 514-521, 539-547, 553-560, 563-570 
586-596, 621-626, 633-638, 651-657, 666-683, 697-705, 731-739, 761-768, 865-883 
and 213-265 of Seq ID No 52; 5-20, 24-34, 37-43, 92-102, 134-139, 156-162, 184- 
191, 193-205, 207-213, 225-231, 241-247, 259-267, 269-286, 337-350, 365-372 
378-386, 399-413, 415-421, 447-457, 467-481 and 145-183 of Seq ID No 53; 12-19 
29-41, 43-57, 80-98, 106-141, 143-156, 172-183, 185-210, 214-220, 226-234, 278- 
287 and 237-287 of Seq ID No 54; 5-12, 32-48, 50-72, 75-81, 88-94 and 16-40 of 
Seq ID No 55; 4-21, 29-42, 48-62, 65-80, 95-101, 103-118, 122-130, 134-140 
143-152, 155-165, 182-192, 198-208, 232-247, 260-268, 318-348, 364-369, 380- 
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391, 403-411, 413-424 and 208-230 of Seq ID No 56; 4-18, 65-75, 82-92, 123-140, 
144-159, 166-172, 188-194 and 174-195 of Seq ID No 57; 7-20, 58-71, 94-101, 
110-119, 199-209, 231-242, 247-254, 267-277, 282-290, 297-306, 313-319, 333- 
342, 344-369, 390-402, 414-431, 436-448, 462-471 and 310-350 of Seq Id'no 58; 
4-25, 37-44, 53-59, 72-78, 86-99, 119-128, 197-203, 209-218, 220-226, 233-244, 
246-254, 264-271, 277-289, 407-430, 437-445, 464-472, 482-488, 503-509 and 308- 
331 of Seq ID No 59; 4-12, 14-43, 52-58 and 43-58 of Seq ID No 60; 4-14, 21-29, 
35-49 and 38-50 of Seq ID No 61; 4-19, 31-37, 58-72, 94-108 and 1-72 of Seq id' 
No 62, and fragments comprising at least 6, preferably more than 8, especially 
more than 10 aa of said sequences. All these fragments individually and each 
independently form a preferred selected aspect of the present invention. 

All linear hyperimmune serum reactive fragments of a particular antigen may be 
identified by analysing the entire sequence of the protein antigen by a set of 
peptides overlapping by 1 amino acid with a length of at least 10 amino acids. 
Subsequently, non-linear epitopes can be identified by analysis of the protein 
antigen with hyperimmune sera using the expressed full-length protein or domain 
polypeptides thereof. Assuming that a distinct domain of a protein is suffi- 
cient to form the 3D structure independent from the native protein, the analys- 
is of the respective recombinant or synthetically produced domain polypeptide 
with hyperimmune serum would allow the identification of conformational epi- 
topes within the individual domains of multi-domain proteins. For those anti- 
gens where a domain possesses linear as well as conformational epitopes, 
competition experiments with peptides corresponding to the linear epitopes may 
be used to confirm the presence of conformational epitopes. 

It will be appreciated that the invention also relates to, among others, nucle- 
ic acid molecules encoding the aforementioned fragments, nucleic acid molecules 
that hybridise to nucleic acid molecules encoding the fragments, particularly 
those that hybridise under stringent conditions, and nucleic acid molecules, 
such as PCR primers, for amplifying nucleic acid molecules that encode the 
fragments. In these regards, preferred nucleic acid molecules are those that 
correspond to the preferred fragments, as discussed above. 

The present invention also relates to vectors, which comprise a nucleic acid 
molecule or nucleic acid molecules of the present invention, host cells which 
are genetically engineered with vectors of the invention and the production of 
hyperimmune serum reactive antigens and fragments thereof by recombinant tech- 
niques. 
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A great variety of expression vectors can be used to express a hyperimmune ser- 
um reactive antigen or fragment thereof according to the present invention. 
Generally, any vector suitable to maintain, propagate or express nucleic acids 
to express a polypeptide in a host may be used for expression in this regard, 
in accordance with this aspect of the invention the vector may be, for example, 
a plasmid vector, a single or double-stranded phage vector, a single or double- 
stranded RNA or DNA viral vector. starting plasmids disclosed herein are 
either commercially available, publicly available, or can be constructed from 
available plasmids by routine application of well-known, published procedures. 
Preferred among vectors, in certain respects, are those for expression of nuc- 
lei acid molecules and hyperimmune serum reactive antigens or fragments there- 
of of the present invention. Nucleic acid constructs in host cells can be 
used in a conventional manner to produce the gene product encoded by the recom- 
binant sequence. Alternatively, the hyperimmune serum reactive antigens and 
fragments thereof of the invention can be synthetically produced by convention- 
al peptide synthesizers. Mature proteins can be expressed in mammalian cells, 
yeast, bacteria, or other cells under the control of appropriate promoters. 
Cell-free translation systems can also be employed to produce such proteins us- 
ing RNAs derived from the DNA construct of the present invention. 

Host cells can be genetically engineered to incorporate nucleic acid molecules 
and express nucleic acid molecules of the present invention. Representative 
examples of appropriate hosts include bacterial cells, such as staphylococci 
streptococci, B. coli, Streptomyces and Bacillus subtillis cells; fungal cells 
such as yeast cells and Aspergillus cells; insect cells such as Drosophila S2 ' 
and Spodoptera Sf9 cells; animal cells such as CHO, COS, Hela, C127, 3T3, BHK, 
293 and Bowes melanoma cells; and plant cells. 

The invention also provides a process for producing a S. epidermidis hyperim- 
mune serum reactive antigen and a fragment thereof comprising expressing from 
the host cell a hyperimmune serum reactive antigen or fragment thereof encoded 
by the nucleic acid molecules provided by the present invention. The inven- 
tion further provides a process for producing a cell, which expresses a S. epi- 
dermidis hyperimmune serum reactive antigen or a fragment thereof comprising 
transforming or transfecting a suitable host cell with the vector according to 
the present invention such that the transformed or transfected cell expresses 
the polypeptide encoded by the nucleic acid contained in the vector. 

The polypeptide may be expressed in a modified form, such as a fusion protein, 
and may include not only secretion signals but also additional heterologous 



WO 2004/087746 PCT/EP2004/003398 

- 33 - 

functional regions. Thus, for instance, a region of additional amino acids, 
particularly charged amino acids, may be added to the N- or C-terminus of the 
polypeptide to improve stability and persistence in the host cell, during puri- 
fxcatxon or during subsequent handling and storage. Also, regions may be added 
to the polypeptide to facilitate purification. Such regions may be removed pri- 
or to fxnal preparation of the polypeptide. The addition of peptide moieties to 
polypeptxdes to engender secretion or excretion, to improve stability or to fa- 
cilxtate purification, among others, are familiar and routine techniques in the 
art. A preferred fusion protein comprises a heterologous region from immuno- 
globulin that is useful to solubilize or purify polypeptides. For example, EP- 
A-0 42-3, 5, 10, 14, 16, 18, 22-24, 27 533 (Canadian counterpart 2045869) dis- 
closes fusion proteins comprising various portions of constant region of inunun- 
oglobxn molecules together with another protein or part thereof, in drug 
discovery, for example, proteins have been fused with antibody Fc portions for 
the purpose of high-throughout screening assays to identify antagonists. See 
for example, {Bennett, D. et al., 1995} and {Johanson, K. et al., 1 995} . 

The S. epidermidis hyperimmune serum reactive antigen or a fragment thereof can 
be recovered and purified from recombinant cell cultures by well-known methods 
xncludxng ammonium sulfate or ethanol precipitation, acid extraction, anion or 
catxon exchange chromatography, phosphocellulose chromatography, hydrophobic 
xnteraction chromatography, hydroxylapatite chromatography and lectin chromato- 
graphy. 



The hyperimmune serum reactive antigens and fragments thereof according to the 
present invention can be produced by chemical synthesis as well as by biotech- 
nological means. The latter comprise the transection or transformation of a 
host cell with a vector containing a nucleic acid according to the present in- 
vention and the cultivation of the transfected or transformed host cell under 
conditions, which are known to the ones skilled in the art. The production 
method may also comprise a purification step in order to purify or isolate the 
polypeptide to be manufactured. In a preferred embodiment the vector is a vec- 
tor according to the present invention. 

The hyperimmune serum reactive antigens and fragments thereof according to the 
present invention may be used for the detection of the organism or organisms in 
a sample containing these organisms or polypeptides derived thereof. Preferably 
such detection is for diagnosis, more preferable for the diagnosis of a dis- 
ease, most preferably for the diagnosis of a diseases related or linked to the 
Presence or abundance of Gram-positive bacteria, especially bacteria selected 



WO 2004/087746 PCT/EP2004/003398 

- 34 - 

from the group comprising staphylococci, streptococci and lactococci. More 
preferably, the microorganisms are selected from the group comprising Staphylo- 
coccus aureus and Staphylococcus saprophytics, especially the microorganism is 
Staphylococcus epidermidis . 

The present invention also relates to diagnostic assays such as quantitative 
and diagnostic assays for detecting levels of the hyperimmune serum reactive 
antigens and fragments thereof of the present invention in cells and tissues 
including determination of normal and abnormal levels. Thus, for instance, a 
diagnostic assay in accordance with the invention for detecting over-expression 
of the polypeptide compared to normal control tissue samples may be used to de- 
tect the presence of an infection, for example, and to identify the infecting 
organism. Assay techniques that can be used to determine levels of a poly- 
peptide, in a sample derived from a host are well known to those of skill in 
the art. Such assay methods include radioimmunoassays, competitive-binding as- 
says, Western Blot analysis and ELISA assays. Among these, ELISAs frequently 
are preferred. An ELISA assay initially comprises preparing an antibody specif- 
ic to the polypeptide, preferably a monoclonal antibody, m addition, a report- 
er antibody generally is prepared which binds to the monoclonal antibody The 
reporter antibody is attached to a detectable reagent such as radioactive, 
fluorescent or enzymatic reagent, such as horseradish peroxidase enzyme. 

The hyperimmune serum reactive antigens and fragments thereof according to the 
present invention may also be used for the purpose of or in connection with an 
array. More particularly, at least one of the hyperimmune serum reactive anti- 
gens and fragments thereof according to the present invention may be immobil- 
ized on a support. Said support typically comprises a variety of hyperimmune 
serum reactive antigens and fragments thereof whereby the variety may be cre- 
ated by using one or several of the hyperimmune serum reactive antigens and 
fragments thereof according to the present invention and/or hyperimmune serum 
reactive antigens and fragments thereof being different. The characterizing 
feature of such array as well as of any array in general is the fact that at a ' 
distinct or predefined region or position on said support or a surface thereof, 
a distinct polypeptide is immobilized. Because of this any activity at a dis- 
tinct position or region of an array can be correlated with a specific poly- 
peptide. The number of different hyperimmune serum reactive antigens and 
fragments thereof immobilized on a support may range from as little as 10 to 
several 1000 different hyperimmune serum reactive antigens and fragments there- 
of. The density of hyperimmune serum reactive antigens and fragments thereof 
per cm* is in a preferred embodiment as little as 10 peptides/polypeptides per 
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cm 2 to at least 400 different peptides /polypeptides per cm 2 and more particu- 
larly at least 1000 different hyperimmune serum reactive antigens and fragments 
thereof per cm 2 . 

The manufacture of such arrays is known to the one skilled in the art and, for 
example, described in US patent 5,744,309. The array preferably comprises a 
planar, porous or non-porous solid support having at least a first surface. The 
hyperimmune serum reactive antigens and fragments thereof as disclosed herein, 
are immobilized on said surface. Preferred support materials are, among others, 
glass or cellulose. It is also within the present invention that the array is 
used for any of the diagnostic applications described herein. Apart from the 
hyperimmune serum reactive antigens and fragments thereof according to the 
present invention also the nucleic acid molecules according to the present in- 
vention may be used for the generation of an array as described above. This ap- 
plies as well to an array made of antibodies, preferably monoclonal antibodies 
as, among others, described herein. 

In a further aspect the present invention relates to an antibody directed to 
any of the hyperimmune serum reactive antigens and fragments thereof, derivat- 
ives or fragments thereof according to the present invention. The present in- 
vention includes, for example, monoclonal and polyclonal antibodies, chimeric, 
single chain, and humanized antibodies, as well as Fab fragments, or the 
product of a Fab expression library. It is within the present invention that 
the antibody may be chimeric, i. e. that different parts thereof stem from dif- 
ferent species or at least the respective sequences are taken from different 
species . 

Antibodies generated against the hyperimmune serum reactive antigens and frag- 
ments thereof corresponding to a sequence of the present invention can be ob- 
tained by direct injection of the hyperimmune serum reactive antigens and 
fragments thereof into an animal or by administering the hyperimmune serum re- 
active antigens and fragments thereof to an animal, preferably a non-human. The 
antibody so obtained will then bind the hyperimmune serum reactive antigens and 
fragments thereof itself. In this manner, even a sequence encoding only a frag- 
ment of a hyperimmune serum reactive antigen and fragments thereof can be used 
to generate antibodies binding the whole native hyperimmune serum reactive an- 
tigen and fragments thereof. Such antibodies can then be used to isolate the 
hyperimmune serum reactive antigens and fragments thereof from tissue express- 
ing those hyperimmune serum reactive antigens and fragments thereof. 
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For preparation of monoclonal antibodies, any technique known in the art, which 
provides antibodies produced by continuous cell line cultures can be used, (as 
described originally in {Kohler, G. et al., 1975}. 

Techniques described for the production of single chain antibodies (U.S. Patent 
No. 4,946,778) can be adapted to produce single chain antibodies to immunogenic 
hyperimmune serum reactive antigens and fragments thereof according to this in- 
vention. Also, transgenic mice, or other organisms such as other mammals, may 
be used to express humanized antibodies to immunogenic hyperimmune serum react- 
ive antigens and fragments thereof according to this invention. 

Alternatively, phage display technology or ribosomal display could be utilized 
to select antibody genes with binding activities towards the hyperimmune serum 
reactive antigens and fragments thereof either from repertoires of PCR ampli- 
fied v-genes of lymphocytes from humans screened for possessing respective tar- 
get antigens or from naive libraries {McCafferty, J. et al., 1990}; {Marks, J. 
et al., 1992}. The affinity of these antibodies can also be improved by chain 
shuffling {Clackson, T. et al., 1991}. 

If two antigen binding domains are present, each domain may be directed against 
a different epitope - termed 'bispecific' antibodies. 

The above-described antibodies may be employed to isolate or to identify clones 
expressing the hyperimmune serum reactive antigens and fragments thereof or 
purify the hyperimmune serum reactive antigens and fragments thereof of the 
present invention by attachment of the antibody to a solid support for isola- 
tion and/or purification by affinity chromatography. 

Thus, among others, antibodies against the hyperimmune serum reactive antigens 
and fragments thereof of the present invention may be employed to inhibit 
and/or treat infections, particularly bacterial infections and especially in- 
fections arising from S. epidermidis. 

Hyperimmune serum reactive antigens and fragments thereof include antigenic- 
ally, epitopically or immunologically equivalent derivatives, which form a par- 
ticular aspect of this invention. The term "antigenically equivalent 
derivative" as used herein encompasses a hyperimmune serum reactive antigen and 
fragments thereof or its equivalent which will be specifically recognized by 
certain antibodies which, when raised to the protein or hyperimmune serum re- 
active antigen and fragments thereof according to the present invention, inter- 
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fere with the interaction between pathogen and mammalian host. The term "immun- 
ologically equivalent derivative" as used herein encompasses a peptide or its 
equivalent which when used in a suitable formulation to raise antibodies in a 
vertebrate, the antibodies act to interfere with the interaction between patho- 
gen and mammalian host . 

The hyperimmune serum reactive antigens and fragments thereof, such as an anti- 
genically or immunologically equivalent derivative or a fusion protein thereof 
can be used as an antigen to immunize a mouse or other animal such as a rat or 
chicken. The fusion protein may provide stability to the hyperimmune serum re- 
active antigens and fragments thereof. The antigen may be associated, for ex- 
ample by conjugation, with an immunogenic carrier protein, for example bovine 
serum albumin (BSA) or keyhole limpet haemocyanin (KLH) . Alternatively, an an- 
tigenic peptide comprising multiple copies of the protein or hyperimmune serum 
reactive antigen and fragments thereof, or an antigenically or immunologically 
equivalent hyperimmune serum reactive antigen and fragments thereof, may be 
sufficiently antigenic to improve immunogenicity so as to obviate the use of a 
carrier. 

Preferably the antibody or derivative thereof is modified to make it less im- 
munogenic in the individual. For example, if the individual is human the anti- 
body may most preferably be "humanized", wherein the complimentarity 
determining region (s) of the hybridoma-derived antibody has been transplanted 
into a human monoclonal antibody, for example as described in {Jones, P. et 
al., 1986} or {Tempest, P. et al., 1991}. 

The use of a polynucleotide of the invention in genetic immunization will 
preferably employ a suitable delivery method such as direct injection of plas- 
mid DMA into muscle, delivery of DNA complexed with specific protein carriers, 
coprecipitation of DNA with calcium phosphate, encapsulation of DNA in various 
forms of liposomes, particle bombardment {Tang, D. et al., 1992}, {Eisenbraun, 
M. et al., 1993} and in vivo infection using cloned retroviral vectors {Seeger, 
C. et al. , 1984} . 

In a further aspect the present invention relates to a peptide binding to any 
of the hyperimmune serum reactive antigens and fragments thereof according to 
the present invention, and a method for the manufacture of such peptides 
whereby the method is characterized by the use of the hyperimmune serum react- 
ive antigens and fragments thereof according to the present invention and the 
basic steps are known to the one skilled in the art. 
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Such peptides may be generated by using methods according to the state of the 
art such as phage display or ribosome display. I„ case of phage display , baslc _ 
ally a library of peptides is generated, in form of phages, and this kind of 
library is contacted with the target molecule, in the present case a hyperim- 
mune serum reactive antigen and fragments thereof according to the present in- 
vention. Those peptides binding to the target molecule are subsequently 
removed, preferably as a complex with the target molecule, from the respective 
reaction. It is Known to the one skilled in the art that the binding character- 
ises, at least to a certain extent, depend on the particularly realized ex- 
perimental set-up such as the salt concentration and the like. After separating 
those peptides binding to the target molecule with a higher affinity or a big- 
ger force, from the non-binding members of the library, and optionally also 
after removal of the target molecule from the complex of target molecule and 
peptide, the respective peptide (s) may subsequently be characterised. Prior to 
the characterisation optionally an amplification step is realized such as e 
g. by propagating the peptide encoding phages. The characterisation preferably 
comprises the sequencing of the target binding peptides. Basically, the pep- 
tides are not limited in their lengths, however, peptides having a length from 
about 8 to 20 amino acids are preferably obtained in the respective methods. 
The size of the libraries may be about 102 to 1018, preferably 108 to 1015 dif- 
ferent peptides, however, is not limited thereto. 

A particular form of target binding hyperimmune serum reactive antigens and 
fragments thereof are the so-called «anticalines« which are, among others, de- 
scribed in German patent application DE 197 42 706. 

in a further aspect the present invention relates to functional nucleic acids 
interacting with any of the hyperimmune serum reactive antigens and fragments 
thereof according to the present invention, and a method for the manufacture of 
such functional nucleic acids whereby the method is characterized by the use of 
the hyperimmune serum reactive antigens and fragments thereof according to the 
present invention and the basic steps are known to the one skilled in the art 
The functional nucleic acids are preferably aptamers and spiegelmers. 

Aptamers are D-nucleic acids, which are either single stranded or double stran- 
ded and which specifically interact with a target molecule. The manufacture or 
selection of aptamers is, e. g., described in European patent EP 0 533 838 Ba- 
sically the following steps are realized. First, a mixture of nucleic acids, i 
e. potential aptamers, is provided whereby each nucleic acid typically com- 
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prises a segment of several, preferably at least eight subsequent randomised 
nucleotides. This nature is subsequently contacted with the target molecule 
whereby the nucleic acid(s) bind to the target molecule, such as based on an 
increased affinity towards the target or with a bigger force thereto, compared 
to the candidate mixture. The binding nucleic acid(s, are/is subsequently sep- 
arated fro, the remainder of the mixture. Optionally, the thus obtained nucleic 
acxd(s, is amplified using, e.g. polymerase chain reaction. These steps may be 
repeated several times giving at the end a mixture having an increased ratio of 
nucleic acids specifically binding to the target from which the final binding 
nucleic acid is then optionally selected. These specifically binding nucleic 
a C1 d(s) are referred to as aptamers. It is obvious that at any stage of the 
method for the generation or identification of the aptamers samples of the mix- 
ture of individual nucleic acids may be taken to determine the sequence thereof 
using standard techniques. It is within the present invention that the aptamers 
«Y be stabbed such as, e. g. , by Introducing defined chemical groups which 
are Known to the one skilled in the art of generating aptamers. Such modifica- 
tion may for example reside in the introduction of an amino group at the 2'-po- 
sition of the sugar moiety of the nucleotides. Aptamers are currently used as 
therapeutical agents. However, it is also within the present invention that the 
thus selected or generated aptamers may be used for target validation and/or as 
lead substance for the development of medicaments, preferably of medicaments 
based on small molecules. This is actually done by a competition assay whereby 
the specific interaction between the target molecule and the aptamer is inhib- 
16 * 3 CandidatS ^ Wh6reb * -Placement of the aptamer from the com- 

plex of target and aptamer it may be assumed that the respective drug candidate 
a lows a specific inhibition of the interaction between target and aptamer, and 
if the interaction is specific, said candidate drug will, at least in prin- 
ciple, be suitable to block the target and thus decrease its biological avail- 
ability or activity in a respective system comprising such target. The thus 
obtained small molecule may then be subject to further derivatisation and modi- 
fication to optimise its physical, chemical, biological and/or medical charac- 
teristics such as toxicity, specificity, biodegradability and bioavailability. 

Spiegelmers and their generation or manufacture is based on a similar prin- 
ciple. The manufacture of spiegelmers is described in international patent ap- 
plication WO 98/08856. Spiegelmers are L-nucleic acids, which means that they 
are composed of L-nucleotides rather than D-nucleotides as aptamers are 
Spiegelmers are charactered by the fact that they have a very high stability 
in biological systems and, comparable to aptamers, specifically interact with 
the target molecule against which they are directed. In the process of generat- 
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in 9 spiegetaers. a „.ter.g..„o„s population of D-nucl.ic acida ia created and 
this population is contacted with the optical antipod. of the target Molecule, 
in the praaent caae for example with the D-e„a„tio„er of the naturally occur- 
ring L -e„a„tiomer of the hyperimmune serum reactive antigens and fragments 
thereof according to the preaent invention. Subsequently, those u -»„cleic acida 

L r c e ulTTtl" hiCh inte " Ct ° PtiCSl S "" POd » ° f «^t mo- 

alt T T int «^ «" optical antipole of the 

target mol.cul. ,r. separated, optionally identified and/or aeguenced and sub- 
sequently the corresponding Wuclaic ecida are synthesized haeed on the nude- 
aid TT" inf0rmati °" ° btai "" i «- "—Lie acids. These 1,-nucleic 
adds, whrch are identical in terms of seguence with the aforem.ntion.d D-„uc- 
l.zc ecids rntaractin, with the optical antipode of the target molecule, will 

With the optrcal antrpode thereof. Similar to th. method for the g.neration of 

ni? also possibie to repeat the ™ rious stepa — «- 

nod l J *° idS SPe ° ifi " lly ^'erecting with th. optical enti- 

pode of the target molecule. 

In a further aspect th. present invent!., relates to functional nucleic acids 
interacting with any of the nucleic acid Macule, according to the present in- 
vention, and , method for the manufacture of auch functional nucleic acids 
whereby the method is characterized by the use of the nucleic acid molecules 
and therr reapective sequences according to the present invention and the b.aic 
steps are known to the on. skilled in the art. The functional nucleic acida are 
preferably ribozymea, antisanse oligonucleotides and slum. 

7Ubory.es ar. catalytically active nucleic acids, ^ ch preferabiy conaist of 
«. which baarcally comprises t„. moieties. The first moiety shows a catalytic 

wi h y : SCCOnd n0i " y iS «- *- 'Pecifi. interaction 

With the target nucleic acid, in the present case the nucleic acid coding for 
the hyper™. serum reactive aMlgma ^ ^ 

present invention. Open interaction between the target nucleic acid and the 
second mo , ety o£ the ribo2w> typicaiiy ^ hybridisation a ^ Batson _ Ccick base 

strand! th "T Str «"» s ° f *~ - th. two hybridising 

strands, the catalytically active moiety may become active which means that it 
catalyses either intramolacularly or intermelecularly, the target nucleic acid 
in caae the catalytic activity of the ribozym. ls a pbosphodi.sterasa activity. 
Subaeguently. there may be , further degradation of the target nucleic acid, 
which rn the end results in the degradation of the target nucleic acid as well 
as the protein derived from the said target nucleic acid. Ribozymea, their use 
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Z£2?-T?~ are k "°" n to the ° ne skilled ln th ° -* *>* — 

described in (Doherty, E. et ,1., 2001 , and (Lewin, A. et ,1., 2001) . 

TlTl'T T deSig " °' a " tiSenSe « U «-« l ~"- «- the manufacture c f , 

I " B ^ dla9 " OSti ° — * «— on . — 1- mode 

of action . M-U,, «!«. oligonucleotides hybtldise based on 

Zi d jt? " activated by both — Pho SPhor „ thioate . 9 

coupled D(a . Phosphodi.st.r-coupled «. however. la tapidly degt , ded 

lex nucleases with the exception of phosphorothioate-coupleo D»A. These r eeiet- 

ant, „o„-„at„rally occurring om derivatives do not inhibit ^ fl 

hybridisation with «. ln other Motds , antisansa polynuoleotit , e3 

teethe aa DNA PNA hybriue colBplexes . ^ ^ ^ ^ * 

r^rnrr a :: desctibed ' amon9 ° theis - in ° s - - 

5 - In other words, based oa the nucleic acid a.guence of the target mo- 
lecule which la the present ceae are the nucleic acid molecules for the hyper- 

-active antigena end fragments thereof according to the present 
Invention, erther fro. the target protein ta „ h i oh a respective nucleic acid 
segusncs may in principie be deduced, or by lowing th. nucleic acid a.guence 
as such particularly th. „BNA, auiteble antiaenae oligonucleotides may" de- 
signed base on the principle of base complementarity. 

Particularly preferred ere antisensa-oligonucleotides, which have a short 
stretch of phosphorothioete DNA ,3 to , base,, . A minimum of 3 DMA bases is re- 
quired for activation of bacterial RNa-^ u ^ ■ ■ 

aSS H and a mi mmum of 5 bases is required 
for mammalian PKase „ activation. Xn these chimeric oligonucleotides there is a 
centra region that form, a substrate for HNase „ that is flanfced by hybrid- 
ising arma" comprise, of modified nucleotides that do not form substrates for 
KN.se H. The hybridising arms of the chimeric oligonucleotides may be m Z £ Z 
such as by 2 -o-„ethyl or 2 -fl„oro. Alteraetive approaches used methylphos 
Phonate or phosphorate linages in said arms. Pother embodiments of the 
antisense oligonucleotide useful in the practice of the present invention are 
P-methoxyolrgonucleotides, partial P-methoxyoligodeoayribonucleotides or P- 
methoxyoligonucleotides . 

Of particular relevance end usefulness for the present invention are those an- 
iens, oligonucleotides as more particularly described in the above two men- 
tioned „ patents. T hes. oligonucleotides contain no naturally occurring^ ^3 

oUdea 2 -" C T ^ OU9 ~^- — t-o types of nucle- 

otides: , -deoxyphoaphorothioate, which activate PNase „. and 2 - -modified nuc- 
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leotides, which do not. The linkages between the 2 --modified nucleotides can be 
phosphodiesters, phosphorothioate or P-ethoxyphosphodiester. Activation of 
RNase H is accomplished by a contiguous RNase H-activating region, which con- 
tains between 3 and 5 2 ' -deoxyphosphorothioate nucleotides to activate bacteri- 
al RNase H and between 5 and 10 2'- deoxyphosphorothioate nucleotides to 
activate eucaryotic and, particularly, mammalian RNase H. Protection from de- 
gradation is accomplished by making the 5' and 3' terminal bases highly nucle- 
ase resistant and, optionally, by placing a 3' terminal blocking group. 

More particularly, the antisense oligonucleotide comprises a 5' terminus and a 
3' terminus; and from position 11 to 59 5'03'-linked nucleotides independently 
selected from the group consisting of 2 '-modified phosphodiester nucleotides 
and 2 '-modified P-alkyloxyphosphotriester nucleotides; and wherein the 5 '-ter- 
minal nucleoside is attached to an RNase H-activating region of between three 
and ten contiguous phosphorothioate-linked deoxyribonucleotides, and wherein 
the 3 '-terminus of said oligonucleotide is selected from the group consisting 
of an inverted deoxyribonucleotide, a contiguous stretch of one to three phos- 
phorothioate 2'-modified ribonucleotides, a biotin group and a P-alkyloxyphos- 
photriester nucleotide . 

Also an antisense oligonucleotide may be used wherein not the 5' terminal nuc- 
leoside is attached to an RNase H-activating region but the 3' terminal nucle- 
oside as specified above. Also, the 5' terminus is selected from the particular 
group rather than the 3' terminus of said oligonucleotide. 

The nucleic acids as well as the hyperimmune serum reactive antigens and frag- 
ments thereof according to the present invention may be used as or for the man- 
ufacture of pharmaceutical compositions, especially vaccines. Preferably such 
pharmaceutical composition, preferably vaccine is for the prevention or treat- 
ment of diseases caused by, related to or associated with S. epidermidis. In so 
far another aspect of the invention relates to a method for inducing an immuno- 
logical response in an individual, particularly a mammal, which comprises in- 
oculating the individual with the hyperimmune serum reactive antigens and 
fragments thereof of the invention, or a fragment or variant thereof, adequate 
to produce antibodies to protect said individual from infection, particularly 
Staphylococcus infection and most particularly S. epidermidis infections. 

Yet another aspect of the invention relates to a method of inducing an immuno- 
logical response in an individual which comprises, through gene therapy or oth- 
erwise, delivering a nucleic acid functionally encoding hyperimmune serum 
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reactive antigens and fragments th . r . 0 f, or , ^ ^ 

for expressing the hyp « iMe re , ctlve Mtigena ^ ■ 

or , fr.g^.„t or a variant thereof in vivo in order to induce „ 

r. pons, to produce antibodies or a cell mediated T cli response, either cy 

' 1 ° ,11S " Cyt ° t0;ii0 T *> ««*«* ~" individual £ L 

disease, whether that disease i. already established within the individual or 
not. One May of administering the o.na i« h„ ,„ i . 

9 Cne g8na 13 fc y accelerating it into the desired 
oells as a coating on particles or otherwise. 

A further aspect of the invention relates to an illogical exposition 
which, when introduced into a host capable of having induced within it an im- 
munological r.spons., induce, an i^unological response in such host, wherein 

tioen TtK T °°" Pri3eS reC °* 1 "" t ™* » hi =» «— «- and expresses an an- 
tigen o, the hyperimmune serum reactive antigens and fragments thereof of the 
preaen invention. The immunological response m.y be used therapeutically or 
propnylactically and may take the for. of antibody laxity or cellular im- 
munity such as that arising from CTL or CD4+ T oells. 

The hyperimmune serum reactive ani-^onc ~ 

or a f„™,. r „ eactiv. antigens and fragments thereof of the invention 

a fragment thereof may be fused with a co-protein which may not by itself 
produce antibodies, but is capable of stabilising the first protein and produ- 

27. Le7 pr 2 which wil1 h " e lm, ~ c and 

This fused recombinant protein preferably further comprises an antigenic co- 
pro .in, such as Glutathiones-transferase or beta-galactosidaae. relat- 
ively large co-proteins which solubilise the protein and facilitate production 
and purification thereof. Moreover, th. co-protein may act as an ad.uvant in 
the sense of providing , generalized stimulation o, the immune system. The co- 
protein may be attached to either the amino or c.rboxy terminus of th. first 

Also, provid.d by this invention are methods using the described nucleic acid 
molecule or particular fragments thereof in such genetic i^uniration experi- 
ments Ms o£ infection s ep±dermidis su=h 

Z 2 Z U " fUl ident " yi ° 9 Pr ° tSl " BPlt — *«• *> a Prophy- 

lactic or therapeutic immune response. This approach can .How for the sub- 
sequent preparation of monoclonal antibodi.s of particular value from th. 
requisite org.n of the animal successfully relating or clearing infection for 
the development of prophylactic agents or therapeutic treatment, of s. epid.rm- 
idis i»f.otion in ma™.!., particularly humans 
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The hyperimmune serum reactive antigens and fragments thereof may be used as an 
antigen for vaccination of a host to produce specific antibodies which protect 
against invasion of bacteria, for example by blocking adherence of bacteria to 
damaged tissue. Examples of tissue damage include wounds in skin or connective 
tissue caused e.g. by mechanical, chemical or thermal damage or by implantation 
of indwelling devices, or wounds in the mucous membranes, such as the mouth, 
mammary glands, urethra or vagina. 

The present invention also includes a vaccine formulation, which comprises the 
immunogenic recombinant protein together with a suitable carrier. Since the 
protein may be broken down in the stomach, it is preferably administered par- 
enteral^, including, for example, administration that is subcutaneous, intra- 
muscular, intravenous, intradermal intranasal or tramsdermal. Formulations 
suitable for parenteral administration include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants, buffers, bacteriostats and 
solutes which render the formulation isotonic with the bodily fluid, preferably 
the blood, of the individual; and aqueous and non-aqueous sterile suspensions 
which may include suspending agents or thickening agents. The formulations may 
be presented in unit-dose or multi-dose containers, for example, sealed am- 
poules and vials, and may be stored in a freeze-dried condition requiring only 
the addition of the sterile liquid carrier immediately prior to use. The vac- 
cine formulation may also include adjuvant systems for enhancing the immunogen- 
ic:^ of the formulation, such as oil-in-water systems and other systems known 
in the art. The dosage will depend on the specific activity of the vaccine and 
can be readily determined by routine experimentation. 

According to another aspect, the present invention relates to a pharmaceutical 
composition comprising such a hyperimmune serum-reactive antigen or a fragment 
thereof as provided in the present invention for S. epidermidis. Such a phar- 
maceutical composition may comprise one or more hyperimmune serum reactive an- 
trgens or fragments thereof against S. epidermidis. Optionally, such S 
epidermidis hyperimmune serum reactive antigens or fragments thereof may also 
be combined with antigens against other pathogens in a combination pharmaceut- 
ical composition. Preferably, said pharmaceutical composition is a vaccine 
for preventing or treating an infection caused by S. epidermidis and/or other 
pathogens against which the antigens have been included in the vaccine. 

According to a further aspect, the present invention relates to a pharmaceutic- 
al composition comprising a nucleic acid molecule encoding a hyperimmune serum- 
reactrve antigen or a fragment thereof as identified above for S. epidermidis 
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Such a pharmaceutical composition may comprise one or more nucleic acid mo- 
lecules encoding hyperimmune serum reactive antigens or fragments thereof 
agaxnst S. epidermidis. Optionally, such S. epidermidis nucleic acid molecules 
encoding hyperimmune serum reactive antigens or fragments thereof may also be 
combined with nucleic acid molecules encoding antigens against other pathogens 
x» a combination pharmaceutical composition. Preferably, said pharmaceutical 
composition is a vaccine for preventing or treating an infection caused by S 
epidermidis and/or other pathogens against which the antigens have been in- ' 
eluded in the vaccine. 

The pharmaceutical composition may contain any suitable auxiliary substances 
such as buffer substances, stabilisers or further active ingredients, espe- 
cially ingredients known in connection of pharmaceutical composition and/or 
vaccine production. 

A preferable carrier/or excipient for the hyperimmune serum-reactive antigens, 
fragments thereof or a coding nucleic acid molecule thereof according to the 
present invention is an immunostimulatory compound for further stimulating the 
immune response to the given hyperimmune serum-reactive antigen, fragment 
thereof or a coding nucleic acid molecule thereof. Preferably the immunostimu- 
latory compound in the pharmaceutical preparation according to the present in- 
vention is selected from the group of polycationic substances, especially 
polycationic peptides, immunostimulatory nucleic acids molecules, preferably 
immunostimulatory deoxynucleotides, alum, Freund's complete adjuvants, Preund's 
-complete adjuvants, neuroactive compounds, especially human growth hormone, 
or combinations thereof. 

It is also within the scope of the present invention that the pharmaceutical 
composition, especially vaccine, comprises apart from the hyperi^une serum re- 
actrve antigens, fragments thereof and/or coding nucleic acid molecules thereof 
according to the present invention other compounds which are biologically or 
Pharmaceutical^ active. Preferably, the vaccine composition comprises at least 
cne polycationic peptide. The polycationic compound(s) to be used according to 
the present invention may be any polycationic compound, which shows the charac- 
terise effects according to the WO 97/30721. Preferred polycationic compounds 
are selected from basic polyppetides, organic polycations, basic polyamino 
acids or mixtures thereof. These polyamino acids should have a chain length of 
at least 4 amino acid residues (WO 97/30721, . Especially preferred are sub- 
stances like polylysine, polyarginine and polypeptides containing more than 20 
%, especially more than 50 % of basic amino acids in a range of m ore than 8, 
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especially .ore than 20, amino acid residues or mixtures thereof. Other pre- 
ferred polycations and their pharmaceutical compositions are described in WO 
97/30721 (e.g. polyethyleneimine) and WO 99/38528. Preferably these poly- 
peptides contain between 20 and 500 amino acid residues, especially between 30 
and 200 residues. 



These polycationic compounds may be produced chemically or recombinant^ or may 
be derived from natural sources. 

Cationic (poly) peptides may also be anti-microbial with properties as reviewed 
in (Ganz, T., 1999}. These (poly) peptides may be of proxaryotic or animal or 
plant orxgxn or may be produced chemically or recombinant^ (WO 02/13857) Pep- 
tides may also belong to the class of defensins (WO 02/13857). Sequences of 
such peptides can be, for example, found in the Antimicrobial Sequences Data- 
base under the following internet address: 

http : //www . bbcm. univ . trieste . it /~tossi/pag2 . html 

Such host defence peptides or defensives are also a preferred form of the 
polycationic polymer according to the present invention. Generally, a compound 
allowing as an end product activation (or down-regulation) of the adaptive im- 
mune system, preferably mediated by APCs (including dendritic cells, is used as 
polycationic polymer. 

Especially preferred for use as polycationic substances in the present inven- 
tion are cathelicidin derived antimicrobial peptides or derivatives thereof 
(International patent application WO 02/13857, incorporated herein by refer- 
ence) , especially antimicrobial peptides derived from mammalian cathelicidin, 
preferably from human, bovine or mouse. 

Polycationic compounds derived from natural sources include HIV-REV or HIV- TAT 
(derived cationic peptides, antennapedia peptides, chitosan or other derivat- 
xves of chitin) or other peptides derived from these peptides or proteins by 
biochemical or recombinant production. Other preferred polycationic compounds 
are cathelin or related or derived substances from cathelin. For example, mouse 
cathelxn is a peptide, which has the amino acid sequence NH 2 -RLAGLLRKGGEKI- 
GEKLKKIGOKIKNFFQKLVPQPE-COOH. Related or derived cathelin substances contain 
the whole or parts of the cathelin sequence with at least 15-20 amino acid 
residues. Derivations may include the substitution or modification of the nat- 
ural amino acids by amino acids, which are not among the. 20 standard amino 



WO 2004/087746 PCT/EP2004/003398 

- 47 - 

acids. Moreover, further cationic residues may be introduced into such cathelin 
molecules. These cathelin molecules are preferred to be combined with the anti- 
gen. These cathelin molecules surprisingly have turned out to be also effective 
as an adjuvant for an antigen without the addition of further adjuvants. It is 
therefore possible to use such cathelin molecules as efficient adjuvants in 
vaccine formulations with or without further immunactivating substances. 

Another preferred polycationic substance to be used according to the present 
invention is a synthetic peptide containing at least 2 KLK-motifs separated by 
a linker of 3 to 7 hydrophobic amino acids (International patent application WO 
02/32451, incorporated herein by reference) . 

The pharmaceutical composition of the present invention may further comprise 
immunostimulatory nucleic acid(s) . Immunostimulatory nucleic acids are e. g. 
neutral or artificial CpG containing nucleic acids, short stretches of nucleic 
acids derived from non-vertebrates or in form of short oligonucleotides (ODNs) 
containing non-methylated cytosine-guanine di -nucleotides (CpG) in a certain 
base context (e.g. described in WO 96/02555). Alternatively, also nucleic 
acids based on inosine and cytidine as e.g. described in the WO 01/93903, or 
deoxynucleic acids containing deoxy-inosine and/or deoxyuridine residues (de- 
scribed in WO 01/93905 and PCT/EP 02/05448, incorporated herein by reference) 
may preferably be used as immunostimulatory nucleic acids for the present in- 
vention. Preferablly, the mixtures of different immunostimulatory nucleic 
acids may be used according to the present invention. 

It is also within the present invention that any of the aforementioned polyca- 
tionic compounds is combined with any of the immunostimulatory nucleic acids as 
aforementioned. Preferably, such combinations are according to the ones as de- 
scribed in WO 01/93905, WO 02/32451, WO 01/54720, WO 01/93903, WO 02/13857 and 
PCT/EP 02/05448 and the Austrian patent application A 1924/2001, incorporated 
herein by reference. 



In addition or alternatively such vaccine composition may comprise apart from 
the hyperimmune serum reactive antigens and fragments thereof, and the coding 
nucleic acid molecules thereof according to the present invention a neuroactive 
compound. Preferably, the neuroactive compound is human growth factor as, e.g. 
described in WO 01/24822. Also preferably, the neuroactive compound is com- 
bined with any of the polycationic compounds and/or immunostimulatory nucleic 
acids as afore-mentioned. 
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In a further aspect the present invention is related to a pharmaceutical com- 
position. Such pharmaceutical composition is, for example, the vaccine de- 
scribed herein. Also a pharmaceutical composition is a pharmaceutical 
composition which comprises any of the following compounds or combinations 
thereof: the nucleic acid molecules according to the present invention, the 
hyperimmune serum reactive antigens and fragments thereof according to the 
present invention, the vector according to the present invention, the cells ac- 
cording to the present invention, the antibody according to the present inven- 
tion, the functional nucleic acids according to the present invention and the 
binding peptides such as the anticalines according to the present invention, 
any agonists and antagonists screened as described herein. In connection there- 
with any of these compounds may be employed in combination with a non-sterile 
or sterile carrier or carriers for use with cells, tissues or organisms, such 
as a pharmaceutical carrier suitable for administration to a subject. Such com- 
positions comprise, for instance, a media additive or a therapeutically effect- 
ive amount of a hyperimmune serum reactive antigen and fragments thereof of the 
invention and a pharmaceutical^ acceptable carrier or excipient. Such carriers 
may include, but are not limited to, saline, buffered saline, dextrose, water, 
glycerol, ethanol and combinations thereof. The formulation should suit the 
mode of administration. 



The pharmaceutical compositions may be administered in any effective, conveni- 
ent manner including, for instance, administration by topical, oral, anal, va- 
ginal, intravenous, intraperitoneal, intramuscular, subcutaneous, intranasal or 
intradermal routes among others. 

In therapy or as a prophylactic, the active agent may be administered to an in- 
dividual as an injectable composition, for example as a sterile aqueous disper- 
sion, preferably isotonic. 

Alternatively the composition may be formulated for topical application, for 
example in the form of ointments, creams, lotions, eye ointments, eye drops, 
ear drops, mouthwash, impregnated dressings and sutures and aerosols, and may 
contain appropriate conventional additives, including, for example, preservat- 
ives, solvents to assist drug penetration, and emollients in ointments and 
creams. Such topical formulations may also contain compatible conventional car- 
riers, for example cream or ointment bases, and ethanol or oleyl alcohol for 
lotions. Such carriers may constitute from about 1 % to about 98 % by weight of 
the formulation; more usually they will constitute up to about 80 % by weight 
of the formulation. 
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In addition to the therapy described above, the compositions of this invention 
may be used generally as a wound treatment agent to prevent adhesion of bac- 
teria to matrix proteins exposed in wound tissue and for prophylactic use in 
dental treatment as an alternative to, or in conjunction with, antibiotic pro- 
phylaxis . 

A vaccine composition is conveniently in injectable form. Conventional ad- 
juvants may be employed to enhance the immune response. A suitable unit dose 
for vaccination is 0.05-5 ug antigen / per kg of body weight, and such dose is 
preferably administered 1-3 times and with an interval of 1-3 weeks. 

With the indicated dose range, no adverse toxicological effects should be ob- 
served with the compounds of the invention, which would preclude their adminis- 
tration to suitable individuals. 

In a further embodiment the present invention relates to diagnostic and pharma- 
ceutical packs and kits comprising one or more containers filled with one or 
more of the ingredients of the aforementioned compositions of the invention. 
The ingredient (s) can be present in a useful amount, dosage, formulation or 
combination. Associated with such container (s) can be a notice in the form pre- 
scribed by a governmental agency regulating the manufacture, use or sale of 
pharmaceuticals or biological products, reflecting approval by the agency of 
the manufacture, use or sale of the product for human administration. 

In connection with the present invention any disease related use as disclosed 
herein such as, e. g. use of the pharmaceutical composition or vaccine, is par- 
ticularly a disease or diseased condition which is caused by, linked or associ- 
ated with Staphylococci, more preferably, S. epidermidis. In connection 
therewith it is to be noted that S. epidermidis comprises several strains in- 
cluding those disclosed herein. A disease related, caused or associated with 
the bacterial infection to be prevented and/or treated according to the present 
invention includes besides other diseases mostly those related to the presence 
of foreign bodies and the use of devices, such as catheters, cerebrospinal flu- 
id shunt infections, peritonitis and endocarditis in humans. 

In a still further embodiment the present invention is related to a screening 
method using any of the hyperimmune serum reactive antigens or nucleic acids 
according to the present invention. Screening methods as such are known to the 
one skilled in the art and can be designed such that an agonist or an antagon- 
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ist is screened. Preferably an antagonist is screened which in the present case 
inhibits or prevents the binding of any hyperimmune serum reactive antigen and 
fragment thereof according to the present invention to an interaction partner 
Such interaction partner can be a naturally occurring interaction partner or a 
non-naturally occurring interaction partner. 

The invention also provides a method of screening compounds to identify those, 
which enhance (agonist) or block (antagonist) the function of hyperimmune serum 
reactive antigens and fragments thereof or nucleic acid molecules of the 
present invention, such as its interaction with a binding molecule. The method 
of screening may involve high-throughput. 

For example, to screen for agonists or antagonists, the interaction partner of 
the nucleic acid molecule and nucleic acid, respectively, according to the 
present invention, maybe a synthetic reaction mix, a cellular compartment, such 
as a membrane, cell envelope or cell wall, or a preparation of any thereof, may 
be prepared from a cell that expresses a molecule that binds to the hyperimmune 
serum reactive antigens and fragments thereof of the present invention. The 
preparation is incubated with labelled hyperimmune serum reactive antigens and 
fragments thereof in the absence or the presence of a candidate molecule, which 
may be an agonist or antagonist. The ability of the candidate molecule to bind 
the binding molecule is reflected in decreased binding of the labelled ligand 
Molecules which bind gratuitously, i. .., with out inducing the functional ef- 
fects of the hyperimmune serum reactive antigens and fragments thereof, are 
most likely to be good antagonists. Molecules that bind well and elicit func- 
tional effects that are the same as or closely related to the hyperimmune serum 
reactive antigens and fragments thereof are good agonists. 

The functional effects of potential agonists and antagonists may be measured, 
for instance, by determining the activity of a reporter system following inter- 
action of the candidate molecule with a cell or appropriate cell preparation, 
and comparing the effect with that of the hyperimmune serum reactive antigens 
and fragments thereof of the present invention or molecules that elicit the 
same effects as the hyperimmune serum reactive antigens and fragments thereof 
Reporter , systems that may be useful in this regard include but are not limited 
to colorimetric labelled substrate converted into product, a reporter gene that 
18 reSp ° nsive to chan ^ in the functional activity of the hyperininune serum 
reactive antigens and fragments thereof, and binding assays known in the art. 

Another example of an assay for antagonists is a competitive assay that com- 
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bines the hyperimmune serum react- -i -to • 

, . reactive antigens and fragments thereof of the 

present invention and a notentiai ^ • 1 the 

, n Potential antagonist with membrane-bound bindina mo- 

lecules, recombinant binding molecules, natural substrates or licand! * 
.rate or ligand mimetics, under appropriate conditions f 1 a I 

4-h i . radioactivity or a colorimetric compound, such that 

potential antagonists include smaU polypeptides 

and antibodies that bind t-n = • f^-Lypepriaes 

thereof of the • , hyperimmune serum reactive antigen and fragments 

thereof of the invention and thereby inhibit or extinguish its acitivitv P 
tential antagonists also may be small organic molecules, a peptide T^v 
peptide such as a closely related „,„,. • Peptide, a poly- 

sites on , bi H- °' antlb °*' «>» "inds to the same ' 

on a blndrng molecule without inducing functional activity „ the hvBer 
immune set™ active antigens and fragments thereof of the 

ding „. th . hyperimmune „„„ rMotive antigens and fragments thereof 

thereby preventing binding to cellular binding molecules, such L: 11' ! 
logical activity is prevented, Samples of small molecules incl d butTe « 
lm,Si *° °" U °^ ni0 P*"*. or p.ptide-li k e molecules. 



Other potential antagonists include antisense molecules (see ,o k ano » , , 
Press, Boca Kation, „ ,„..,. for , desorlptio „ of fchese 

reac tl ve antigens and fragments thereof of the invention. 

As used herein the activity of , hyperimmune serum reactive antigen and frao 
ment thereof accordino t-n fh= . igen and fr ag- 

any of its interact " C ^ bil "y to bind to 

ny its interaction partner or the extent of such capability to bind to it- 
er any interaction partner. t0 lts 

In a particular aspect, the invention provides the use nf «, k 
-active aatigens and fragments thereof ^"^7^^" 
of the invention to interfere with the initial physical interaction between a 
Pathogen and ma^li.n host responsible for seguelae of infection. Xn particu- 
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lar the molecules of the invention may be used: i, in the preven tion of adhe- 
sion of S. epidermidis to mammalian extracellular matrix proteins on in-dwell- 
ing devices or to extracellular matrix proteins in wounds; ii, to block protein 
mediated mammalian cell invasion by, for example, initiating phosphorylation of 
mammalian tyrosine kinases (Rosenshine, I. et al., 1992} to block bacterial ad- 
hesion between mammalian extracellular matrix proteins and bacterial proteins 
which mediate tissue damage; iv) to block the normal progression of pathogenes- 
is in infections initiated other than by the implantation of in-dwelling 
devices or by other surgical techniques. 

Each of the DNA coding sequences provided herein may be used in the discovery 
and development of antibacterial compounds. The encoded protein upon expression 
can be used as a target for the screening of antibacterial drugs. Additionally, 
the DNA sequences encoding the amino terminal regions of the encoded protein or 
Shine-Delgarno or other translation facilitating sequences of the respective 
mRNA can be used to construct antisense sequences to control the expression of 
the coding sequence of interest. 

The antagonists and agonists may be employed, for instance, to inhibit diseases 
arising from infection with Staphylococcus, especially S. epidermidis, such as 
sepsis. 

in a still further aspect the present invention is related to an affinity 
device such affinity device comprises as least a support material and any of 
the hyperimmune serum reactive antigens and fragments thereof according to the 
present invention, which is attached to the support material. Because of the 
specificity of the hyperimmune serum reactive antigens and fragments thereof 
according to the present invention for their target cells or target molecules 
or their interaction partners, the hyperimmune serum reactive antigens and 
fragments thereof allow a selective removal of their interaction partner (s) 
from any kind of sample applied to the support material provided that the con- 
ditions for binding are met. The sample may be a biological or medical sample, 
including but not limited to, fermentation broth, cell debris, cell prepara- 
tion, tissue preparation, organ preparation, blood, urine, lymph liquid, liquor 
and the like. H 

The hyperimmune serum reactive antigens and fragments thereof may be attached 
to the matrix in a covalent or non-covalent manner. Suitable support material 
" taOWn t0 thS ° ne Skilled in the ^d can be selected from the group com- 
prising cellulose, silicon, glass, aluminium, paramagnetic beads, starch and 
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The present invention is further illustrated by the following figures, examples 
and the sequence listing from which further features, embodiments and advant- 
ages may be taken. It is to be understood that the present examples are given 
by way of illustration only and not by way of limitation of the disclosure. 

In connection with the present invention 

Figure 1 shows the characterization of the selected human high titre sera spe- 
cific for S. epidermidis. 

Figure 2 shows the characterization of the small fragment genomic library, LSE- 
70, from Staphylococcus epidermidis RP62A. 

Figure 3 shows the selection of bacterial cells by MACS using biotinylated hu- 
man IgGs . 

Figure 4 shows an example for the gene distribution study with the identified 
antigens . 



Table 1 shows the summary of the screens performed with genomic S. epidermidis 
libraries and human serum and the gene distribution data for selected antigens. 

The figures to which it might be referred to in the specification are described 
in the following in more details. 

Figure 1 shows the characterization and selection of human serum samples for 
identification of S. epidermidis antigens. (A) ELISA: Total anti-S. epidermidis 
IgGs were measured by standard ELISA using total bacterial lysate as coating 
antigen at two different serum dilutions. Five sera (EP.1-5) were selected from 
a serum collection obtained from patients with S. epidermidis peritonitis. C, 
control serum from a patient with unrelated infection. (B) Immunoblot analys- 
is: Selected high titer sera were characterized by immunoblotting using total 
bacterial lysates prepared from eight different S. epidermidis clinical isol- 
ates (lanes 1-8), as well as from S. epidermidis strain RP62A (lane C) . In each 
lane, ~20ug total lysate proteins extracted from bacteria grown in BHI medium 
overnight were loaded. A representative immunoblot is shown for the EP.4 serum. 
The membrane was incubated with EP.4 serum at a dilution of 5,000 and developed 
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with anti-human IgG secondary reagent. Mw, Protein standards (kDa) . 

Figure 2A shows the fragment size distribution of the Staphylocoocus epidermid- 
is RP62A small fragment genomic library, LSE-70. After sequencing 572 randomly 
selected clones, sequences were trimmed to eliminate vector residues and the 
numbers of clones with various genomic fragment sizes were plotted. (B) Graphic 
illustration of the distribution of the same set of randomly sequenced clones 
of LSE-70 over the S. epidermidis chromosome. Circles indicate matching se- 
quences to annotated ORFs in +/+ and + /-orientation. Rectangles represent fully 
matched clones to non-coding chromosomal sequences in +/+ and +/- orientation 
Diamonds position the best match of all chimeric clone sequences. Numeric dis- 
tances in base pairs are indicated over the circular genome for orientation. 
Partitioning of various clone sets within the library is given in numbers and 
percentage at the bottom of the figure. 

Figure 3A shows the MACS selection with biotinylated human IgGs. The LSE-70 
library in P MAL9.1 was screened with lOug biotinylated, human serum (P15-IgG) 
in the first and second selection round. As negative control, no serum was ad- 
ded to the library cells for screening. Number of cells selected after the 1st 
and 2nd elution are shown for each selection round. Figure 3B shows 
the reactivity of specific clones (1-26) isolated by bacterial surface display 
as analysed by Western blot analysis with the human serum (P15-IgG) used for 
selection by MACS at a dilution of 1:3,000. As a loading control the same blot 
was also analysed with antibodies directed against the platform protein LamB at 
a dilution of 1:5,000. LB, Extract from a clone expressing LamB without foreign 
peptide insert. 

Figure 4 shows the PGR analysis for the gene distribution of ORF1163 with the 
respective oligonucleotides. The predicted size of the PCR fragments is approx- 
imately 1,000 bp. The 31 coagulase negative Staphylococcus and 11 s. epidermid- 
is strains used for analysis are marked in the figure; N, no genomic DNA added; 
P, genomic DNA from S. epidermidis RP62A, which served as template for library 
construction. 



Table 1: Immunogenic proteins identified by bacterial surface display. 
A, LSE-70 library in lamB with P15-IgG (804), B, LSE-150 library in fhuA with 
P15-I0G (826), C, LSA-300 library in fhuA with P15-IgG (729), *, prediction of 
antigenic sequences longer than 5 amino acids was performed with the program 
ANTIGENIC (Kolasxar, A. et al., 1990}. §, Fourty-two coagulase negative Sta- 
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Pyococcus or S. epidermidis strains were tested by PCR with oligonucleotides 
specific for the genes encoding relevant antigens. Since 6 of the 31 CNS 
strains were negative for all genes analysed, we eliminated these data from the 
sugary, because these strains are most likely not closely related to S. epi- 
dermidis. 



EXAMPLE S 



Example 1: Preparation of antibodies from human serum 

Experimental procfidnrp.g 
Peptide synthesis 

Peptides were synthesized in small scale (4 mg resin; up to 288 in parallel, 
using standard F-moc chemistry on a Rink amide resin (PepChem, Tubingen, Ger- 
many) using a SyroII synthesizer (Multisyntech, Witten, Germany) . After the se- 
quence was assembled, peptides were elongated with Fmoc-epsilon-aminohexanoic 
•cxd (as a linker) and biotin (Sigma, St. Louis, MO; activated like a normal 
ammo acid) . Peptides were cleaved off the resin with 93%TFA, 5% triethylsil- 
ane, and 2% water for one hour. Peptides were dried under vacuum and freeze 
drxed three times from acetonitrile/water (1:1). The presence of the correct 
mass was verified by mass spectrometry on a Reflex III MALDI-TOF (Bruker, Bre- 
men Germany) . The peptides were used without further purification. 

Enzyme linked immune assay (ELISA) . 

For serum characterization: ELISA plates (Maxisorb, Millipore) were coated with 
5-10 ug/ml total protein diluted in coating buffer (0.1M sodium carbonate P H 
9.2). Three dilutions of sera (2,000X, 10,OOOX, 50, OOOX) were made in PBS-BSA 
For peptide serology: Biotin-labeled peptides were coating on Streptavidin 
ELISA plates (EXICON, at 10 ug/ml concentration according to the manufacturer's 
instructions. Sera were tested at two dilutions, 200X and 1,000X. 

Highly specific Horse Radish Peroxidase (HRP) -conjugated anti-human IgG or 
anti-human IgA secondary antibodies (Southern Biotech, were used according to 
the manufacturers- recommendations (dilution: l,000x,. Antigen-antibody com- 
plexes were quantified by measuring the conversion of the substrate (ABTS, to 
colored product based on OD405nm readings in an automated ELISA reader (TECAN 
SUNRISE, . Following manual coating, peptide plates were processed and analyzed 

by the Gemini 160 ELISA robot fTEPANn u 4fb a k . 

* rooot (TECAN) with a built-in reader (GENIOS, TECAN) . 

Immunoblotting 
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Total bacterial lysate and culture supernatant samples were prepared from in 
vitro grown S. epidermidis RP62A. 10 to 25ug total protein/lane was separated 
by SDS-PAGE using the BioRad Mini-Protean 3 Cell electrophoresis system and 
proteins transferred to nitrocellulose membrane (ECL, Amersham Pharmacia) . 
After overnight blocking in 5% milk, antisera at 2,000x dilution were added, 
and HRPO labeled anti-mouse IgG was used for detection. 

Preparation of bacterial antigen extracts 

Total bacterial lysate: Bacteria were lysed by repeated freeze-thaw cycles: in- 
cubation on dry ice/ethanol-mixture until frozen (1 min) , then thawed at 370C 
(5 min): repeated 3 times. This was followed by sonication and collection of 
supernatant by centrifugation (3,500 rpm, 15 min, 40C) . 

Culture supernatant: After removal of bacteria, the supernatant of overnight 
grown bacterial cultures was precipitated with ice-cold ethanol (100%): 1 part 
supernatant/3 parts ethanol incubated o/n at -20°C. Precipitates were collected 
by centrifugation (2,600 g, for 15 min) and dried. Dry pellets were dissolved 
either in PBS for ELISA, or in urea and SDS-sample buffer for SDS-PAGE and im- 
munoblotting. The protein concentration of samples was determined by Bradford 
assay. 



Purification of antibodies for genomic screening. Five sera from the patient 
group were selected based on the overall anti-staphylococcal titers for a serum 
pool used in the screening procedure. Antibodies against E. coli proteins were 
removed by incubating the heat-inactivated sera with whole cell E. coli cells 
(DHSalpha, transformed with pHIEll, grown under the same condition as used for 
bacterial surface display) . Highly enriched preparations of IgGs from the 
pooled, depleted sera were generated by protein G affinity chromatography, ac- 
cording to the manufacturer's instructions (UltraLink Immobilized Protein G, 
Pierce) . IgA antibodies were purified also by affinity chromatography using bi- 
otin-labeled anti-human IgA (Southern Biotech) immobilized on Streptavidin- 
agarose (GIBCO BRL) . The efficiency of depletion and purification was checked 
by SDS-PAGE, Western blotting, ELISA and protein concentration measurements. 

The antibodies produced against S. epidermidis by the human immune system and 
present in human sera are indicative of the in vivo expression of the antigenic 
proteins and their immunogenicity. These molecules are essential for the iden- 
tification of individual antigens in the approach as described in the present 
invention, which is based on the interaction of the specific anti-staphylococ- 
cal antibodies and the corresponding S. epidermidis peptides or proteins. To 
gain access to relevant antibody repertoires, human sera were collected from 
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convalescent patients with S. epidermidis infections, namely peritonitis. 

The sera were characterized for anti-S. epidermidis antibodies by a series of 
ELISA and immunoblotting assays. Bacterial lysate proteins prepared from S. 
epxdermidis R P62A cultured overnighfc (stationary phase) ^ ^ ^ ^ ^ 

fusron) growth medium have been used as staphylococcal antigens. Both IgG and 
IgA antibody levels were determined. Five sera having the highest antibody 
levels were pooled, and IgG prepared for use in bacterial surface display in 
order to identify antigenic proteins. 

The titers were compared at given dilutions where the response was linear. Sera 
were ranked based on the reactivity against multiple staphylococcal components, 
and the highest ones were selected for further analysis by immunoblotting (Fig- 
ure 1) . This extensive antibody characterization approach has led to the unam- 
biguous identification of anti-staphylococcal hyperimmune sera. 

Example 2: Generation of highly random, frame-selected, small-fragment, gen- 
omic DNA libraries of Staphylococcus epidermidis 

Experim ental procedursa 

Preparation of staphylococcal genomic DNA. 50 ml BHI medium was inoculated with 
S. epidermidis RP62A bacteria from a frozen stab and grown with aeration and 
shaking for 18 h at 37'C. The culture was then harvested, centrifuged with 
1.600X g for 15 min and the supernatant was removed. Bacterial pellets were 
washed 3 x with PBS and carefully re-suspended in 0.5 ml of L y S02y me solution 
(100 mg/ml). 0.1 ml of 10 mg/ml heat treated RNase A and 20 0 of RNase Tl were 
added, mixed carefully and the solution was incubated for 1 h at 37 - C . Follow- 
ing the addition of 0.2 ml of 20 % SDS solution and 0.1 ml of Proteinase K (10 
mg/ml, the tube was incubated overnight at 55»C. 1/3 volume of saturated NaCI 
was then added and the solution was incubated for 20 min at 4°C. The extract 
was pelleted in a microfuge (13,000 rpm) and the supernatant transferred into a 
new tube. The solution was extracted with PhOH/CHC13/IAA (25:24:1) and with 
CHC13/IAA (24:1). DNA was precipitated at room temperature by adding 0.6x 
volume of Isopropanol, spooled from the solution with a sterile Pasteur pipette 
and transferred into tubes containing 80% ice-cold ethanol. DNA was recovered 
by centrifuging the precipitates with 10-12, 000x g, then dried on air and dis- 
solved in ddH20. 



Preparation of small genomic DNA fragments. Genomic DNA fragments were mechan- 
ically sheared into fragments ranging in size between 150 and 300 bp using a 
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cup-horn sonicator (Bandelin Sonoplus DV 2200 sonicator equipped with a BBS cup 
horn, 10 sec. pulses at 100 % power output) or into fragments of size between 
50 and 70 bp by mild DNase I treatment (Novagen) . It was observed that sonica- 
tion yielded a much tighter fragment size distribution when breaking the DNA 
into fragments of the 150-300 bp size range. However, despite extensive expos- 
ure of the DNA to ultrasonic wave-induced hydromechanical shearing force, sub- 
sequent decrease in fragment size could not be efficiently and reproducibly 
achieved. Therefore, fragments of 50 to 70 bp in size were obtained by mild 
DNase I treatment using Novagen 's shotgun cleavage kit. A 1:20 dilution of 
DNase I provided with the kit was prepared and the digestion was performed in 
the presence of MnC12 in a 60 pi volume at 20°C for 5 min to ensure double- 
stranded cleavage by the enzyme. Reactions were stopped with 2 ul of 0.5 M EDTA 
and the fragmentation efficiency was evaluated on a 2% TAE-agarose gel. This 
treatment resulted in total fragmentation of genomic DNA into near 50-70 bp 
fragments. Fragments were then blunt-ended twice using T4 DNA Polymerase in the 
presence of 100 uM each of dNTPs to ensure efficient flushing of the ends. 
Fragments were used immediately in ligation reactions or frozen at -20 °C for 
subsequent use. 

Description of the vectors. The vector pMAL4.31 was constructed on a pASK-IBA 
backbone {Skerra, A., 1994} with the beta-lactamase (bla) gene exchanged with 
the Kanamycin resistance gene. In addition the bla gene was cloned into the 
multiple cloning site. The sequence encoding mature beta-lactamase is preceded 
by the leader peptide sequence of ompA to allow efficient secretion across the 
cytoplasmic membrane. Furthermore a sequence encoding the first 12 amino acids 
(spacer sequence) of mature beta-lactamase follows the ompA leader peptide se- 
quence to avoid fusion of sequences immediately after the leader peptidase 
cleavage site, since e.g. clusters of positive charged amino acids in this re- 
gion would decrease or abolish translocation across the cytoplasmic membrane 
{Kajava, A. et al., 2000}. A Smal restriction site serves for library inser- 
tion. An upstream Fsel site and a downstream NotI site, which were used for re- 
covery of the selected fragment, flank the Smal site. The three restriction 
sites are inserted after the sequence encoding the 12 amino acid spacer se- 
quence in such a way that the bla gene is transcribed in the -1 reading frame 
resulting in a stop codon 15 bp after the NotI site. A + 1 bp insertion restores 
the bla ORF so that beta-lactamase protein is produced with a consequent gain 
of Ampicillin resistance. 



The vector pMAL9.1 was constructed by cloning the lamB gene into the multiple 
cloning site of pEHl {Hashemzadeh-Bonehi, L. et al., 1998}. Subsequently, a se- 



WO 2004/087746 PCT/EP2004/003398 

- 59 - 

quence was inserted in lamB after amino acid 154, containing the restricts 
sites Fsel, Smai and Notl. The reading frame for this insertion was constructed 
an such a way that transfer of frame-selected DNA fragments excised by diges- 
tion with Fsel and Notl from plasmid pMAL4.31 yields a continuous reading frame 
of lamB and the respective insert. 

The vector pHIEll was constructed by cloning the fhuA gene into the multiple 
cloning site of P EH1. Thereafter, a sequence was inserted in fhuA after amino 
acid 405, containing the restriction site Fsel, Xbal and Notl. The reading 
frame for this insertion was chosen in a way that transfer of frame-selected 
DNA fragments excised by digestion with Fsel and Notl from plasmid P MAL4.31 
yields a continuous reading frame of fhuA and the respective insert. 

Cloning and evaluation of the library for frame selection. Genomic S. epiderm- 
is DNA fragments were ligated into the Smai site of the vector P MAL4.31. Re- 
combinant DNA was electroporated into DH10B electrocompetent E. coli cells 
(GIBCO BRL) and transf ormants plated on LB-agar supplemented with Kanamycin (50 
ug/ml) and Ampicillin (50 ug/ml) . Plates were incubated over night at 37°C and 
colonies collected for large scale DNA extraction. A representative plate was 
stored and saved for collecting colonies for colony PCR analysis and large- 
scale sequencing. A simple colony PCR assay was used to initially determine the 
rough fragment size distribution as well as insertion efficiency. From sequen- 
cing data the precise fragment size was evaluated, junction intactness at the 
insertion site as well as the frame selection accuracy (3n + l rule) . 

Cloning and evaluation of the library for bacterial surface display. Genomic 
DNA fragments were excised from the P MAL4.31 vector, containing the S. epiderm- 
is library with the restriction enzymes Fsel and Notl. The entire population 
of fragments was then transferred into plasmids P MAL9.1 (LamB) or pHIEll 
( FhuA) , which have been digested with Fsel and Notl. Dsing these two restric- 
tion enzymes, which recognise an 8 bp GC rich sequence, the reading frame that 
was selected in the P MAL4.31 vector is maintained in each of the platform vec- 
tors. The plasmid library was then transformed into E . coli DHSalpha cells by 
electroporation. Cells were plated onto large LB-agar plates supplemented with 

ug/ml Kanamycin and grown over night at 37 °C at a density yielding clearly 
visible single colonies. Cells were then scraped off the surface of these 
Plates, washed with fresh LB medium and stored in aliquots for library screen- 



WO 2004/087746 PCT/EP2004/003398 

- 60 - 

Results 

Libraries for frame selection. Two libraries (LSE-70 and LSE-150) were gener- 
ated in the pMAL4.31 vector with sizes of approximately 70, 150 and 300 bp, re- 
spectively. For each library, ligation and subsequent transformation of 
approximately 1 pg of P MAL4.31 plasmid DNA and 50 ng of fragmented genomic S. 
epidermidis DNA yielded 4x 105 to 2x 106 clones after frame selection. To as- 
sess the randomness of the libraries, approximately 600 randomly chosen clones 
of LSE-70 were sequenced. The bioinf ormatic analysis showed that of these 
clones only very few were present more than once. Furthermore, it was shown 
that 90% of the clones fell in the size range between 16 and 61 bp with an av- 
erage size of 34 bp (Figure 2) . Allmost all sequences followed the 3n+l rule, 
showing that all clones were properly frame selected. 

Bacterial surface display libraries. The display of peptides on the surface of 
E. coli required the transfer of the inserts from the LSE libraries from the 
frame selection vector pMAL4.31 to the display plasmids pMAL9.1 (LamB) or 
PHIE11 (FhuA) . Genomic DNA fragments were excised by Fsel and NotI restriction 
and ligation of 5ng inserts with O.lpg plasmid DNA and subsequent transforma- 
tion into DHSalpha cells resulted in 2-5x 106 clones. The clones were scraped 
off the LB plates and frozen without further amplification. 

Example 3: Identification of highly immunogenic peptide sequences from S. 
epidermidis using bacterial surface displayed genomic libraries and human 
serum 



Experi mental procedures 



MACS screening. Approximately 2.5x 108 cells from a given library were grown in 
5 ml LB-medium supplemented with 50 pg/ml Kanamycin for 2 h at 37°C. Expression 
was induced by the addition of 1 mM 1PTG for 30 min. Cells were washed twice 
with fresh LB medium and approximately 2x 107 cells re-suspended in 100 pi LB 
medium and transferred to an Eppendorf tube. 

10 ug of biotinylated, human IgGs purified from serum was added to the cells 
and the suspension incubated over night at 4°C with gentle shaking. 900 pi of 
LB medium was added, the suspension mixed and subsequently centrifuged for 10 
min at 6,000 rpm at 4°C (For IgA screens, 10 pg of purified IgAs were used and 
these captured with biotinylated anti-human- I gG secondary antibodies) . Cells 
were washed once with 1 ml LB and then re-suspended in 100 pi LB medium. 10 pi 
of MACS microbeads coupled to streptavidin (Miltenyi Biotech, Germany) were ad- 
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ded and the incubation continued for 20 min at 4'C. Thereafter 900 ul of LB me- 

TZ H Ms"" ^ ^ C611 ~^ - o-o the egui- 

Th M S C (MUtenYi Bi ° teCh ' G6rmany) WMCh W - — d * ™ 

(Tiie MS columns were eauilibrat-^H v-v., a,= ~w 

with 3 „1 LB medium., ' ""^ °" 0e " ith 1 - 7 °* — *— 

The colu™ „ aa th ,„ „ ashed three times with 3 ^ ^ removal of 

the magnet, cell, were eluted by washing with 2 ml LB Mter „ ashin5 the 

colu™ » lth 3 ml LB medio., the 2 rt eluate „ as loaded a second time on J 

seme column , nd the washlng ^ _ 

an^elution process was performed , third time, resulting i n , final e luate J 



A second round or screening was performed as follows. The calls Iron, the final 
eluate were collected by contribution and re-suspended in 1 ml LB medium sup- 
plemented wrtn 50 pg/„l Kan^ycin. The culture was incuhated at 37'c for 30 JL 
end then r„ ducad Kith , m ^ ^ J0 ^ ^ ^ ^ 

washed once with 1 ml LB „ediu„ and suspended in 10 pi LB mediu*. sine, the 
volume was reduced, 10 p, of human, biotinylated IgG s was added and the suspen- 
sion rncub.ted over night at 4-C with gentle shaking. M l futthar steps ^ 
exactly the same as in the first selection round, cells selected after two 
rounds o, selection were plated onto LB-agar plates supplemented with 50 pg/„l 
Kanamycin and grown over night at 37 °c. 

Ration of selected clones oy s eq uencin g and Western olot analysis. Selected 
clones were grown over night at 37 °C in 3 ml LB medium supplemented with 50 
VxgAnl Kanamycin to prepare plasmid DNA using standard procedures. Sequencing 
was performed at MWG (Germany) . 

ror western blot analysis approximately 10 to 30 pg o, total cellular protein 
was separated by 10, SDS-P ME and blotted onto HybondC meafcrane Horsham Phar- 
macia Brotech, England,. The Laa* or PhuA fusion proteins were detected using 
human serum as the primary antibody at a dilution of approximately 1,5,000 and 
antr-buman IgG or IgA antibodies coupled to HBP at , dilution of 1,5,000 as 
secondary antibodies. Detection w a s performed using the BCL detection kit 
(Smersham Pharmacia Biotech, England, . Alternatively, rebbit anti PhuA or „ouse 
antr La.* antrbedies were used as primary antibodies in combination with the 
respective secondary antibodies coupled to HBP for the detection of the fusion 



Results 
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Screening of bacterial surface display libraries by Mgi ,. tic .otivated ceX1 

sera Example 1, Preparation o, antibodies from hu«,a„ serum, . m addition 

a S aureus library .1SA-300 in p„ IE ll, „ as also screened with the s m e seZ 

Z li d' Ihe 5eleoti °" procedure " as p " f °™ d - — --i- 

ri! nix r^srv ~ ati ' e ~ ° f * — ^ 

first .., „• ^ ba ^ ^ ° 0l0 "l' ■«« the 

frrst selection cycle from MACS screening, the total number of cells recovered 

a the end rs drastically reduced from approximately 3. 107 cells to .pp. 2x 

1 T ^ SeleCti ° n " ith ° Ut antib0dieS ~« "~~ - to 

about 1X104 cells .figure 3A, . After the second round, , sindlar number of 

cells was recovered with P 15 - IgG . whlle app . ^ ^ ^ 
when no XgGs from human serum were added, clearly showing that selection was 
dependent on s. epide,»idis specific antibodies, To evaluate the performance of 
the screen, 2 6 selected clones were picked randomly and subjected to West r 

that 70% of the selected clones showed reactivity with antibodies present in 
the relevant serum whereas the control strain expressing LamB without a S. epi- 
dermis specific insert did not react with the se™ serum. In general, the 
rate of reactivity was observed to 11. within the range of 35 to 75, . Colony 
PC* analyse showed that ,11 selected clones contained an insert in the expec- 
ted size range. * 

subseguent segu.ncing o, a larger number of randomly picked clones <600 to 1000 
Per screen, led to the identification of the gen. and the corresponding peptide 

- — «cogni,.d by th. hu™„ serum Led 
for screening. The fr.gu.noy with which a sp.oifio clon. is s.l.ct.d reflects 
at least rn part the abundance and/or affinity of the specific antibodies in 
the serum used for selection and recognizing th. epitop, presented by this 
clone. Table 1 s„„ari 2 es the data obtained for th. thr.. performed screens. 

m i"n:s°t„ y t those 9enes ' " hion have not been identified by — ~ 

All clones that are presented in Table ! hav. b..„ v.rifi.d by Western blot 
analyses using whole cellular extracts from single clones to show the indicated 
reactivity with the pool of human serum used in th. respective screen. As can 
b. seen from Table 1. distinct regions of th. identified OPE are identified a, 

myogenic, since variably si 2 ed fragment, .f the proteins are displayed on 
the surface by the platform proteins. The screen with the S. aureus library re- 
vealed one novel antigen, which had not been identified in previous screen. 
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It is further worth noticing that most of the genes identified by the bacterial 
surface display screen encode proteins that are either attached to the surface 
of S. epidermidis and/or are secreted. This is in accordance with the expected 
role of surface attached or secreted proteins in virulence of S. epidermidis. 



Example 4: Gene distribution studies with highly immunogenic proteins identi- 
fied from S. epidermidis. 

Gene distribution of staphylococcal antigens by PCR. An ideal vaccine antigen 
would be an antigen that is present in all, or the vast majority of strains of 
the target organism to which the vaccine is directed. In order to establish 
whether the genes encoding the identified Staphylococcus epidermidis antigens 
occur ubiquitously in S. epidermidis and coagulase negative Staphylococcus 
strains, PCR was performed on a series of independent S. epidermidis and coagu- 
lase negative Staphylococcus isolates with primers specific for the gene of in- 
terest. Oligonucleotide sequences as primers were designed for all identified 
ORFs yielding products of approximately 1, 000 bp, if possible covering all 
identified immunogenic epitopes. Genomic DNA of all Staphylococcus strains was 
prepared as described under Example 2. PCR was performed in a reaction volume 
of 25 ul using Tag polymerase (1U) , 200 nM dNTPs, 10 pMol of each oligonuc- 
leotide and the kit according to the manufacturers instructions (Invitrogen, 
The Netherlands). As standard, 30 cycles (lx: 5min. 95°C, 30x: 30sec. 95°C, 
30sec. 56°C, 30sec. 72°C, lx 4min. 72°C) were performed, unless conditions had 
to be adapted for individual primer pairs. 

Results 

Examplarily, a number of genes encoding immunogenic proteins were tested by PCR 
for their presence in 42 different coagulase negative Staphylococcus (CNS) or 
S. epidermidis strains. Figure 4 shows the PCR reaction for ORF1163 with all 
indicated 42 strains. It was expected that not all of the CNS strains represent 
S. epidermidis isolates. Therefore it was not surprising that 6 of the 31 CNS 
strains were negative for all genes analysed. Some of the eight selected genes 
encoding identified antigens and analysed by PCR, were present in many strains 
tested (e.g. ORF0026, ORF0217 and ORF1163) , redendering them as good candidates 
for further development. A few genes were present in only a smaller number of 
the tested 42 strains (e.g. ORF0742 and ORF2700) . This result may indicate the 
absence of the gene in the analysed isolates, or it could be due to a variation 
in the sequence used for the oligonucleotide for the PCR analysis. Interest- 
ingly, none of the eight analysed genes showed any variation in size. Sequen- 



WO 2004/087746 PCT7EP2004/003398 

- 64 - 

cing of the generated PGR fragment from one strain and subsequent comparison to 
the RP62A strain confirmed the amplification of the correct DNA fragment. Im- 
portantly, the identified antigens, which are well conserved in all strains in 
sequence and size constitute novel vaccine candidates to prevent infections by 
S. epidermidis. As can be seen in Table 1, 20 of the listed 30 S. epidermidis 
antigens have a homolog in S. aureus COL with at least 50% sequence identity at 
the amino acid level, 4 have homologs with an identity below 50% and 6 antigens 
do not possess. a homologous sequence in S. aureus COL. This indicates that sev- 
eral of the antigens have also the potential to show cross-protection with oth- 
er Staphylococcal strains such as S. aureus. 
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Table 1: Immunogenic proteins identified by bacterial surface display. 



S. epidermidis 
or aureus anti- | 
genie protein 



Putative function 
(by homology) 



predicted immunogenic aa* 



I No. of se- I Location of I Homo- 1 Gene I Seq. 

lected (identified im-| logy distribu-l n> 
clones perl munogenic withS. tion 1 I (DNA, 
| ORF and I region (aa) J aureus I I Prot) 

screen 



PXTG-motif cell wall 16-28,54-59, 135-147 193-205 274-279 
ichor domain protein [284-291, 298-308, 342-347 360-366 * 
180-386, 408-425, 437-446,' 457-464* 
i67-477, 504-510, 517-530, 535-543* 
547-553, 562-569, 573-579, 592-600' 
602-613. 626-63 1. 638-668 



396-449 



32% I 26/36 
ISA2668 



1,32 



DRF00027 lautolysin, putative 



15-24, 101-108, 111-117, 128-142, 170- 
U84, 205-211, 252-267, 308-316. 329- 
"337, 345-353, 360-371, 375-389, 393- 
399, 413-419, 429-439, 446-456, 471- 
485, 495-507, 541-556, 582-588, 592- 
602, 607-617, 622-628. 630-640 



8-21 



53% 
ISA2666I 



n.d. 



2, 33 



)RF00217 
DRF00259 



Itoxin resistance 
putative 



protein, 110-20, 23-33, 40-45, 59-65, 72-107 1 13- 
119, 127-136.151-161 



33-59 



66% I 29/36 
ISA2541 



3,34 



3RF00545 



protein 14-16,28-34,39-61,66-79,100-113 120-1 
U27, 130-137, 142-148, 150-157, 192- 
^.01, 203-210, 228-239, 245-250, 256- 
166, 268-278, 288-294, 312-322, 336- 
144, 346-358, 388-396, 399-413, 425- 
□o, 445-461, 464-470, 476-482, 486- 
£2, 503-511, 520-527, 531-541, 551- 
>58, 566-572, 609-625, 635-642, 650- 
K556, 683-689, 691-705, 734-741, 750- 
f767, 782-789, 802-808, 812-818, 837- 
844, 878-885. 907-917. 930-936 



J13-933 



65% 
ISA2499I 



n.d. 



4,35 



- ose 1,6-diphosphateB- 12, 20-27, 46-78, 85-92, 104-112 121- 
Udolase (lacD) h32, 150-167, 179-185, 200-213 221- 

"227, 240-264, 271-279, 282-290' 311- 
317 



:10 1177-206 



90% | n.d. I 5,36 
ISA2183 



DP-N-acetylglucosa- 
nine 2-epimerase 



(18-24, 31-40, 45-51, 89-97, 100-123, 
U27-132, 139-153, 164-170, 184-194 
^00-205, 215-238, 244-255, 257-270,' 
J72-280, 289-302, 312-318, 338-348, 
156-367 



-3 1132-152 



72% I n.d I 6,37 
|SA2103| 

62% 
ISA0151 1 



}RF00742 IM23/M37 peptidase do- 17-16, 39-45, 73-83, 90-98, 1 18-124 130- 1 
i protein protein 136, 194-204, 269-280, 320-327 373- 
381, 389-397, 403-408, 424-430,' 436- 
441, 463-476, 487-499, 507-514, 527- 
534, 540-550, 571-577, 593-599, 620- 
629, 641-647, 650-664, 697-703, 708- 
717, 729-742, 773-790, 794-805, 821- 
|828, 830-837, 839-85 1, 858-908, 910- , 
917, 938-947, 965-980, 1025-1033, 1050- 
1056, 1073-1081, 1084-1098, 1106-1120 
1132-1140, 1164-1170, 1185-1194, 1201- 
1208, 1215-1224, 1226-1234, 1267-1279 
1325-133 1, 1356-1364, 1394-141 1 
1426-1439, 1445-1461, 1498-1504, 1556-, 
1561, 1564-1573, 1613-1639, 1648-1655 
1694-1714, 1748-1755, 1778-1785, 18084 
1813, 1821-1827, 1829-1837, 1846- 1 
1852, 1859-1865, 1874-1883, 1895-1900 
1908-1913, 1931-1937, 1964-1981 
U995-2005, 2020-2033, 2040-2047, 2103- 
■2109, 2118-2127, 2138-2144, 2166-2175 
2180-2187, 2220-2225, 2237-2242 
^247-2253, 2273-2281, 2286-2306', 
314-2320, 2323-2345, 2350-2355, 
371-2384, 2415-2424, 2426-243 1, 
452-2472, 2584-2589, 2610-2621, 
2638-2655, 2664-2670, 2681-2690, 
2692-2714, 2724-2730 



:14,B:7 1687-730 



18% 5/36 I 7,38 
ISA0379 



DRF00788 



[conserved hypothetical 110-40,53-59,79-85,98-104 117-122 ' 
P P rotem U30-136, 144-158, 169-175,'l80-185 * 

203-223, 232-237. 243-254. 295-30l' 



254-292 



none 



4/36 I 8,39 
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£ epidermidis 


Mutative function 
(by homology) 




No. of se- 
lected 
clones pet 
ORFand 
screen 










or aureus anti- 
genic protein 


predicted immunogenic aa* 


Location of 
identified im 
* munogenic 
region (a a) 


Homo- 

logy 
with S. 

SI If F*P11<2 


Gene 
distribu 
Hon 8 


| Seq. 
- ID 
(DNA, 
JrrOu) 


ORF0089I 
(42% OR- 
F01770) 

ORF00894 


cell division protein 
FtsK(ftsK) 


28-50, 67-85, 93-115, 120-134, 144-179, 
240-249, 328-340, 354-360, 368-400, 
402-417, 419-427, 429-445, 447-455, 
463-468, 472-480, 485-500, 502-510, 
512-534, 537-546, 553-558, 582-594, 
619-637, 645-654, 690-709, 735-745, 
749-756,786-792 


B:5 


275-316; 378 
401 


- 69% 
SA1295 
42% 


n.d. 


9,40 




metal lopro tease, in- 
sulinase family, putative 


5-16,21-30,33-40, 52-74, 101-108, 116- 
122, 164-182, 185-219, 256-261, 273- 
279, 285-291, 297-304, 312-328, 331- 
338, 355-362, 364-371, 373-401, 411- 
423 


A:l 


191-208 


#0/0 

SA1298 


n.u. 


1 A A 1 

10, 41 


ORF00988 


membrane-bound pro- 
tein LytR 


34-55, 67-74, 85-93, 105-115, 138-152, 
161-171, 182-189, 197-205,213-219, 
232-239, 241-248, 250-263, 272-277, 
288-299 


A:l 


216-231 


74% 


n.d. 


11,42 


ORF01054 
(31% OR- 

ORF01163 


ABC transporter, ATP- 
oinding protein 


21-27, 32-37, 43-51, 67-74, 82-92, 94- 
100, 106-112, 140-149, 153-159, 164- 
182, 193-215, 222-227, 260-267, 308- 
322, 330-340, 378-387, 396-403, 417- 
432, 435-441, 448-465, 476^82, 488- 
498, 500-510 


B:4 


£14-280 


75% 
S A 0770 

28% 
SA2036 


n.d. 


12,43 


(loo/ r\r> 
\iovo OR- 

F02440) 
ORF01182 


apoprotein YaeC, puta- 
tive 


4-21,29-52, 80-87, 104-123, 126-133, 
141-157, 182-189, 194-202, 214-220, 
£27-235, 242-252 


A:3, B:8 


33-108 


700/ 

SA0884 

35% 
SA0506 


31/36 


13, 44 




JDP-sugar hydrolase, 
jutative 

2 


12-18, 20-27, 29-59, 64-72, 84-90, 96- 
103, 109-121, 125-155, 164-177 179- 
186, 188-201, 216-227, 235-253* 259- 
174, 276-294, 296-310, 322-339, 341- 
48, 369-379, 398-403. 409-421 


\:3 


76-96 


71% 
SA0926 


ad. 


14,45 


ORF01515 \ 


lypothetical protein < 
1 


r-15, 24-41, 71-80, 104-111, 113-119, J 
23-130, 139-149, 168-178. 187-200 


V:17 A 


\-45 


none 


5/36 


15, 46 


ORF01596 c 
P 


unserved hypothetical j 
rotein 


3-19,32-37, 44-56 } 


L:3 i 


-14 

< 


60% 
5A1972 


n.d. 


16,47 



WO 2004/087746 



PCT/EP2004/003398 



I epidermidls 
r aureus anti- 
nic protein 



Putative function 
(by homology) 



3 protein 



fe-oxo acid dehydroge- 
nase, E2 component, Ii- 
~>oamide 



lintegrase/recombinase 
XerD (xerD) 



NADH dehydrogenase, 
putative 



fibrinogen-binding 
protein SdrG 



- 68 - 
predicted immunogenic aa* 



Si 1 ;??" 35 ' 75 " 81 ' 95 - 100 ' 126-139, 

SSSi 225 " 233 ' 241 - 259 » 268 -276, 
319-325, 339-360, 371-401, 435-441 
♦J2-459, 462-472, 491-503, 505-516,' 
549-556, 567-580, 590-595, 612-622 
624-630, 642-648, 656-662, 687-693 
698-704, 706-712, 736-750, 768-777* 
784-789, 812-818, 847-858, 894-900* 
922-931, 938-949, 967-984, 986-99Z 
1027-1032, 1041-1054, 1082-1088, 1091- 
te/" 9 " 1124 . 1234-1240, 1250-1258, 
1274-1289, 1299-1305, 1392-1398 
1400-1405, 1429-1442, 1460-1474 'l505 
1514, 1531-1537, 1540-1552, 1558-1571 
1582-1587, 1616-1623, 1659-1666 
1671-1677, 1680-1686, 1698-1704' 
1706-1712, 1768-1774, 1783-1797 
&lo 19 ' 1849 - 1855 » 1870-1876,' 1890- 
^897, 1947-1953, 1972-1980, 1999-2013 
•2044-2051,2068-2084,2093-2099 2122- 
2131, 2142-2147, 2156-2163, 2170-2179 
2214-2220, 2235-2245, 2271-2281 
2287-2293, 2308-2317, 2352-2362 
2373-2378, 2387-2407, 2442-2448' 
2458-2474, 2507-2516, 253 1-2537,' 2540- 
2551, 2555-2561, 2586-2599, 2617-2627 
2644-2649, 2661-2675, 2685-2692 
2695-2707, 2733-2739, 2741-2747 
2774-2783, 2788-2795, 2860-2870' 
2891-2903, 2938-2947, 2973-2980* 
2993-2999, 3004-3030. 3046-3059*3066- 
3077, 3082-3088, 3120-3132, 3144-3149 
3153-3169,3200-3212,3232-3256 
3276-3290, 3308-3322, 3330-3338 
3353-3360, 3363-3371, 3390-3408,' 
3431-3447, 3454-3484, 3503-3515 
3524-3541, 3543-3550, 3560-3567' 
3586-3599, 3616-3621, 3642-3647 

3663-3679 ' 

Il9-41, 43-49, 55-62, 67-74, 1 14-121 ' 
[130-140, 188-197,208-217,226-232' 
•265-287, 292-299, 301-319, 372-394 
4nn 410,421-427 



No. of se- 
lected 
clones per 
ORFand 

screen 
A:2, B:8 



DRF02393 



teiutamyl-tRNA syn- 
hetase (gltX) 



dimethyladenosine 
" 5(ksgA) 



, 12,44-51,53-60,67-88,91-100 104- 
^23, 137-142, 148-158, 161-168, 175- 
^01, 204-210, 222-231, 239-253, 258- 

?64, 272-282 

53, 69-104, 110-121, 124-131, 134- 
[152, 161-187,204-221,223-237 239- 
^96, 298-3 10, 33 1-365, 380-405,' 423- 
- 151. 470-552, 554-562, 574-581, 592- 
£49, 651-658, 661-671, 673-707, 713- 
■ 734, 741-748, 758-765. 773-790 
J9-94, 102-115, 123-129, 181-188, 200- 
\06, 211-235, 239-249, 267-281, 295- 
10, 316-321, 33 1-341, 344-359, 365- 
186, 409-422, 443-453, 495-506, 514- 
21, 539-547, 553-560, 563-570, 586- 
>96, 621-626, 633-638, 651-657, 666- 
i83, 697-705, 731-739, 761-768, 865- 
[883 * 

>-20, 24-34, 37-43, 92-102, 134-139" 
U56-162, 184-191, 193-205,207-213 
125-231, 241-247, 259-267, 269-286 

37-350, 365-372, 378-386, 399-413 

U5-421, 447-457. 467-481 
Il2-19, 29-41, 43-57, 80-98, 106-141" 
£43-156, 172-183, 185-210,214-220, 
h ,26-234, 278-287 



B:3 



A:2 



B:4 



Location of 
identified im- 
munogenic 
region (aa) 

213-276; 579-1 
621; 1516 
1559 



Homo- | Gene 

logy Idistribu- 
with S. I tion 5 
aureus 

31% | 
SA1806| 

28% , 
SA2150 



12-56 



60-138 



509-528 



213-265 



A:7 



A:3, B:2 237-287 



145-183 



64% 
|SA1560 

32% 
|SA1104 

31% 
ISA1448 

85% 
|SA1540 

35% 
ISA1269 

66% 
ISA0679 

38% 
ISA0955 



41% 
ISA0610 
32% 
SA0608 

, 30% 
|SA0609 

"82% 
ISA0574 



85% 
ISA0536 



WO 2004/087746 PCTYEP2004/003398 



- 69 - 



£ epiderttddis 
or aureus anti- 
genic protein 


Putative function 
(by homology) 


predicted immunogenic aa* 


No. of se- 
lected 

ClflTlPQ npr 
V1UUC9 ucr 

ORF and 
screen 


Location of 
identified im- 
L munogenic 

region (aa) 


Homo- 
logy 
witn o. 
aureus 


Gene 
distribu- 
tion 9 


Seq. 

n> 

(DNA, 
Prot.) 


ORF02412 
(100% 

ORF02349& 
ORF01658& 
ORF00589 & 
ORF00701 


conserved hypothetical 
protein 


5-12, 32-48, 50-72, 75-81, 88-94 


A:1,B:1 


16-40 


none 


n.d. 


24,55 


ORF02680 
(74% OR- 
F02594) 


Me tal I o-beta- lactamase 
superfamily domain pro- 
tein 


4-21, 29-42, 48-62, 65-80, 95-101, 103- 
118, 122-130, 134-140, 143-152, 155- 
165, 182-192, 198-208, 232-247,260- 
268, 318-348, 364-369, 380-391, 403- 
411,413-424 


A:22 


208-230 


98% 
SA0046 

73% 
SA0064 


20/36 


25, 56 


ORF02700 


hypothetical protein (Ii- 
poprotein) 


4-18,65-75,82-92, 123-140 144-159 
166-172, 188-194 


A:l 




none 


2/36 


26, 57 


ORF02825 
(83% 

ORF00132, 
67% 

ORF02706, 
51% 

ORF00369) 


malaterquinone oxidore- 
ductase 


7-20, 58-71, 94-101, 110-119, 199-209, 
231-242, 247-254, 267-277, 282-290, 
297-306, 313-319, 333-342, 344-369, 
390-402, 414-431, 436-448, 462-471 


B:2 


310-350 


83% 
SA2623 

49% 
SA2362 


ad. 


27,58 


ORF02853 

CRF0299 
CRF1769 


lypothetical protein 

hypothetical protein 
hypothetical protein 


4-25, 37-44, 53-59, 72-78, 86-99, 119- 
128, 197-203, 209-218, 220-226, 233- 
244 246-9^4 9fi4-/?71 'ill Ofio Ann 

430, 437-445, 464-472. 482-488, 503-509 
1-12, 14-43 r 52-58 ~~ 
M4. 21-29. 35-49 


A:l 

\:3, B:4 


308-331 
43-58 


61% 
SA0129 

none 


ad. 
n.d. 


28,59 
29, 60 


SA1169 ™ 
- 


i i 

Ibrinogen-binding pro- 
cin precursor-related 
>rotein 


1-19,31-37, 58-72, 94-108 


\:6 

2:2 


38-50 
L-72 


none 
none 


ad. 
ad. 


30,61 
31, 62 



